
priT WOMJ>DnBi£CTlMLFR<mSRTrOIU^ 

UDttSOIOOOU BUIC80 

INTERNATIONAL APPUCAHON PUBLISHED UNDER IHE PATENT OOQPBRAIION ntEATY (PCD 



C07D 471AM, A61K 31/14 



A2 



01) 
(43) 



Niunbor: 
Pablkatkm DttCe: 



Vf 0 96/22990 

1 August 1996 (01X».96) 



(21) iDternatkHial Ai^llcatioo Number: PCr/US9S/l6S75 
02) Inteniatioinl FDlDg Date; 21 Deocmber 1995 (21.12.9S) 



(30)Priori«yIliti: 

08/379.099 
OS/466.043 



27 Januaiy 1995 (27X>1^ US 
6 June 1995 (06.06.99 US 



(71) AppUcants: STATE OF OREGON, acdoglv and fluough TOE 

OREGON STATE BOARD OF HK»1ER EDUCATION, 
acting for and onbehalf of THE (»tEGON HEALTO Sa- 
ENCES UNIVERSITY AND THE UNIYERSiTY OF ORE- 
CON, EUGENE. ORECSON [US/US]; Univenity of Oregon, 
Riveifipont ReseanA Paik, Eugene. (XL 97403-1238 (US). 
ACSA PHARMACEUnCALS. INC. [US/US]: 213 Tecb- 
nology Drive, bvine. CA 92718 (US). 

(72) InventOTB: XEANA. Jeiuu 3854 Onyx Street, Eugene. 

OR 97405 (US); CAI, Sui. Xlong; 12 Salinas, FoothiU 
Ranch, CA 92610 (US). MARTIN, Vladumr. V4 2555 
Portland Stxeet #6. Eugene, OR 97405 (US). ZHOU, 
Zhang-Un; Dqtanment of Chemistry, Univenity of Os^gon, 
Eu^ne, OR 97403 (US). NAVRAHL, James, 1656 
McKinley Gout, Eugene. CR 97402 (US). 



(74) Agents: ESMOND, Robert. W. etal.; Sterne. Kessler, Goldstein 
& Fox PXX.C Suite 600, 1 100 New Yofk Avenue, N.W.. 
Washington, DC 20005-3934 (US). 



AL, AM, AT, AU, BB, BG, BR. BY, OA, 
OI, CN, CZ. DE. DK, EK ES. FL (SB. GE, HU, IS, IP. 
KE, KG, KP, KR, KZ, LK. LR. LS. LT. LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ. PL, PT, R0» RU, SD, 
SE, SG, SI. SK, TT. IM. TT. UA, UG, UZ. VN, ARIPO 
patent (KB, LS, MW, SD, SZ. UG). European patent (AT, 
BE, CH, DB. DK. ES, FR, GB. GR, IE, IT. LU, MC, NL, 
PT. SE), OAFI patent (BF, BJ, CF, CO, CI, CM, OA, GN, 
ML. MR, NE, SN, ID, TG). 



Without imenuUionai search report and to be republished 
upon receipt of thai report 



W)Tlfle: AZA AND AZA(N-OXY)ANA!X)GS OF (n.YaNE^NMDA RECEPTOR ANTA<X>NS 
(ST) Abstrttct 

M^iods of treating or preventing neuronal loss assodated with stroice. isdiemia, 
CNS trauma, hyppglycemb and surgery, as well as treating neurodegenentive diseases 
indiiding AUeunef's disease, amyotrophic laleial sclerosis. Himtfaigton*s disease, and 
Down*s syndrome, treating or preventing advene consequenees of the hypeiactivi^ 
of tfie exeHatoiy amino adds, as well as treating anxiety, chnmic pain, convulsions, 
indudrtg anesthesia, and oealing or pieventiiig opiate tolerance are disclosed by 
admintsieiing to an animal in need of such tieannent or prevention a substituted or 
unsubstitttted pyridine and pyridine (N-oxide) analogs of 4-hydro39dihydroquinolones, 
tetrahydroquinoline-tiione'Ojdines and quinoxalones of Fonnda (D, tautomen and 
pharmaoeutically acceptable salts thereof, ¥idch have high binding to the glycine leoqKor 
or N-oxides dieieof; uriieiehi A, D, E, G, R, Rt, X, Y, Z are as defined in descc^idon. 
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AZA AND AZA (N-OXY) ANALOGS OF GLYCINE/NMDA RECEPTOR ANTAGONISTS 

The presentinvention was made with U.S. goveniment support under 
grant DA 06726 awarded by the National Institute of Drug Abuse. Therefore, 
5 the U.S. Government has certain rights in the invention. 



10 Field of the Invention 

The present invention is in the field of medicinal chemistry and relates 
to compounds that have a high affinity for the glycine binding site, lack PCP 
side effects* and cross the blood brain barrier at high levels. In particular, the 
present invention relates to pyridine and pyridine (N-oxide) analogs of 4- 

15 bydroxydihydroquinolin-2*ones, and tetrabydroquinoline-irionc-oximes« 

tautomers thereof and pharniaceutically accq>table salts thereof and their use 
to treat or prevent neuronal degeneration associated with i.schemia. 
pathophysiologic conditions associated with neuronal degeneration, 
convulsions, anxiety* and chronic pain, as well as to induce anesthesia, treat 

20 or prevent psychosis and for preventing opiate tolerance. A funher aspecK or 

the present invention employs nitrone analogs of quinoxalone NMDA glycine 
receptor antagonists^ and pyridine and pyridine (N-oxide) derivatives thereof. 

Background of the Invention 

Glutamate is thought to be the major excitatory neurotransmitter in the 
25 . brain. There are three major subtypes of glutamate receptors in the CNS. 
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These are commonly refened to as kainate, AMPA, and N-mediyl-D-aspaitate 
(NMDA) receptors (Watidns and Olvennan, Trends in NeuroscL 7:265-272 
(1987)). NMDA receptors are found in the membranes of virtually every 
neuron in the brain. NMDA recq>ton are ligand-gaied cation chamiels that 
S allow Na"^, K^, and Ca'^'^ to permeate when they are activated by glutamate 

or aspartate (non-selective, endogenous agonists) or by NMDA (a sdective, 
synthetic agonist) (Wong & Kemp, Ann. Rev. PharmacoL TcxicoL 57:401-425 
(1991)). 

Glutamate alone cannot activate the NMDA receptor. In onier to 
10 become activated by glutamate, the NMDA receptor channel must first bind 

glycine at a specific, high affmity, glycine binding site that is separate from 
the glutamate/NMDA binding site on the recq)tor protein (Johnson & Ascher, 
Naiure 325:329-331 (1987)). Glycine is therefore an obligatory co-agonist at 
the NMDA receptor/dumnel complex (Kemp, J. A., et al,^ Proc. Nail. Acad. 
15 Set. USA 55:6547-6550 (1988)). 

In addition to the binding sites for glutamate/NMDA and glycine, the 
NMDA receptor carries a number of other functionally important binding 
sites. These include binding sites for Mg"^^, Zn^*^, polyamines, arachidonic 
acid and phencyclidine (PCP) (Reynolds & Miller, Adv. in Pharmacol 
27:101-126 (1990); Miller, B., et al.. Nature 355:722-725 (1992)). The PCP 
binding site— now commonly referred to as the PCP receptor— is located 
inside the pore of the ionophore of the NMDA receptor/channel complex 
(Wong, E.H,R, etal., Proc. Natl. Acad. Sci. USA «J:7104.7108 (1986); 
Huetiner and Bean, Proc. Natl. Acad. Sci USA 55:1307-1311 (1988); 
MacDonald, J.F., et al. , Neurophysiol. 55:251-266 (1987)). In order for PCP 
to gain access to the PCP receptor, the channel must first be opened by 
glutamate and glycine. In the absence of glutamate and glycine, PCP carmot 
bind to the PCP receptor although some studies have suggested that a small 
amount of PCP binding can occur even in the absence of glutamate and 
glycine (Sircar & Zukin, Brain Res. 556:280-284 (1991)). Once PCP binds 
to die PCP receptor, it bloclcs ion flux through the open channel. Therefore, 
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PCP Ss m qpen dssmd blocker aod a snon-con^eddve slutamate antagomst 
at the NMDA iecq)tor/dsamieI complex. 

Ooe of the most pot^t and selective dmgs Oat bsEBd to tbe PCP 
^eosptm as the aotkonvulsant dniig MK-801. Ulus dmg has a of 
approxhoaiely 3aM at the PCP t^ecepioir (Woog, a aL, Pfoc. Nml. 

AauL Sd. USA A}:7i04-7]108 (11986)). 

BoA PCP aM as well as other PCP receptor ligsjods, e.g., 

dejstromethosphan, l^etsmme aad N,N,N*-trisubstitmed gssamdmes, have 
neuroprotective efficacy both in vitro aad in vivo (Gill, R,,et^.^J. Netssvsci. 
7:3343-3349 (1987); Keam, I.F.W., eial., Pwc. Nml. Aasd. Sci. UM 
Sd:5631-5635 (1989); Steinberg, G.K.. ei al.,NeuroscienceLm. 89: 193-197 
1938); Chi&xch, J., egal., in Sigma md Phencyctidme-Uke dmpmmds as 
MoleaOar Probes in Biology^ Domino & Kamenka* eds., NPP BooEcs, Ann 
Arbor (1988), pp. 747-756). The weil-characteriized neun^rotective efficacy 
of these dmgs is largely due to their ci^ity to block essoessive Ca"^*^ 'wSSm. 
into neurons throt^h NMDA receptor channels, which become over activated 
by esccessive glutamase release in conditions of brain ischetnia (e.g. , in stroke, 
cardiac arrest ischemia etc.) (CoUms, R.C., MmboL Br, Dis. i:231-240 
(1986); Collins, R.C., ei al.. Annals Im. Med. iiO:S92-1000 (1989)). 

However, the therapeutic potential of these PCP teceptor drugs as 
ischemia rescue agents in stroke has been severely hampeinsd by the fact that 
these drugs have strong PCP-like bdiavioaal side effects (psychotomimetic 
behavioral effects) which appear to be due to the interaction of these drugs 
with the PCP receptor (Tricklebank, M.D., etaL, Eur. /, PkamacoL 
7(57:127-135 (1989); Keek, W., etai, J. Pharmacol. Bcp. Ther. 245:969 
(1989); Willets & Balster, Neuropharmacology 27:1249 (1988)). These PCP- 
like behavioral side effects sppssr to have caused the withdrawal of MK801 
from clinical development as an ischemia rescue agent. Furthermore, these 
PCP receptor ligands appear to have considerable abuse potential as 
demonstrated by die almse liability of PCP itself. 

The PCP-like behavioral effects of the PCP receptor ligands can be 
demonstrated in animal models: PCP and related PCP receptor ligands cause 
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a bduvioral exchatioii (t^ypertoccmiotion) in rodents (T rielfte hanif, M.D.. 
et al. , Eur. J. PhamacoL itf7: 127-135 (1989)) and a dhaiacterisdc katatepsy 
in pigeons (Koek, W., etal., J. Phannaatl. Exp. Iher. 2^:969 (1989); 
Wiilets & Balster, Neuroiaiantiacology 27:1249 (1988)); in drug 
5 discriminaticm paradigms, thoe is a stnmg coirdatkm between tbe PCP 

TBoeptat afBnity of diese drags and ttieir potency to induce a PCP-appropriate 
response behavior (Zukin. S.R.. etal.. Brain Res. 294:174 (1984); Brady. 
K.T., etal.. Science 275:178 (1982); Tricklebank, M.D.. etal., Eur. J. 
Pharmacol. 141:497 (1987)). 

10 Drugs acting as competitive antagonists at tbe glutamate binding site 

of the NMDA receptor, such as. CGS 19755 and LY274614. also have 
neuroprotective efficacy because these drags— like the PCP reoq)tor 
ligands— can prevent excessive C^l** flux dirough NMDA lecqptor/chaiuiels 
in ischemia (Boast, C.A., et al.. Brain Res. 442:345-348 (1988); Scboepp. 

15 D.D., etal., J. Neural. Trans. 55:131-143 (1991)). However, competitive 

NMDA teoeptCB- antagonists also have Pa>-Uke bdiavioial side-effects in 
animal models (bdiaviraal exctotkm, activity in PCP drug discrimination 
tests) aldxnigh not as potently as MK-801 and PCP (TcickldMUik, M.D., 
et al., Eur. J. Pharmacol. 767:127-135 (1989)). 

20 An alternate way of inhibitu^ NMDA receptor channel activation is 

by using antagonists at the glycine binding site of the NMDA reoq^nor. Since 
glycine most bind to tbe glycine site in order for glutamate to effect channel 
opening (Johnson & Ascher, Nature 325:329-331 (1987); Kemp, J. A,, etal., 
Proc Nasi Acad. ScL USA «5:6547-6550 (1988)), a glycine antagonist can 

25 completely prevent ion flux through the NMDA receptor channel— even in the 

presence of a large amount of glutamate. 

Recent in vivo microdialysis studies have demonstrated that in the rat 
focal ischemia model there is a large increase in glutamate release in the 
ischemic brain region with no significant increase in glycine release (Globus, 

30 M.Y.T., etal., J. Neurochem, 57:470-478 (1991)). Thus, theoretically, 

glydne antag(»iists should be veiy powerful neuroprotective agents because 
they can prevent the opraing of NMDA channels by glutamate non- 
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coznpetitively and, therefore, unlike conqwtitive NMDA antagonists, do not 
have 10 overeome the laxge concentiatioDs of endogenous glutamate that are 
released in the ischemic brain region. 

Fuitheimore, because glycine antagonists act at neither the glutamaie/- 
5 NMDA nor the PCP binding ales to prevent NMDA channel opcmng, these 

drags might not cause the PCP-like bdiavioral sicte effect seen with both PCP 
receptor ligai^ anl comp^itive NMDA tcceptor antagonuos (Triddebank, 
U.D.,etal., Eur. J. PharmacoL 167:127-135 (1989); Koek, Vf.^etaL, J. 
Pharmacol Exp. Ther. 245:969 (1989); Willets & Balster, Neurophama- 

10 cology 27:1249 (1988); Zukin, S.R., era/.. Brain Res. 294:174 (1984); 

Brady, ef aL , Science 2i5: 178 (1982); TricWebank, M.D., et al. , Eur 
J. PharmacoL 141:497 (1987)). That glycine antagonists may indeed be 
devoid of PCP-like behavioral side effiscts has been suggested by recent 
studies in which available glycine antagonists were injected directly into the 

IS brains of rodents without resulting in PCP-lite behaviors (Tricklebankt M.D. , 

etal.,Eur. J. PharmacoL i67: 127-135 (1989)). 

Fw recent reviews on glycine antagonists, reference is made to 
Leeson, P.D., "Glycine-Site N-Methyl-D-Aspartate Receptor Antagonists," 
chapter 13 in Drug Design for Neuroscience^ Kozikowski, A.P.t ed.^ Raven . 

20 Press, New Yoik (1993), pp. 338-381; and Leeson and Iversen, J. Med. 

Chem. 37: 4053-4067 (1994). 

However, there have been two major problems which have prevented 
the development of glycine aittagonists as clinically useful neuroprotective 
agents: 

25 A. Most available glycine antagonists with relatively high receptor 

binding affinity in vitro such as 7-Cl-kynurenic acid (Kemp, 
J. A. ,€tal., Proc. NatL Acad, ScL USA 55:6547-6550 (1988)), 
5,7-dichlorolcynurenic acid (McNamara, D., etaL, NeuroscL 
Lett. 720:17-20 (1990)) and indole-2-carboxylic acid (Gray, 

30 N.M,. etal., J. Med. Chem. 54:1283-1292 (1991)) cannot 

penetrate the blood/brain bairier and, therefore, have no utility 
as dierapeutic agents; 
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B. The oaky widely available glycine antagonist that siifficiemly 
penc«ates the blood/laain bairier— the drug HA-966 (Fletcher 
& Lodge. Eur. J. Phamaeol 151: 16l-ld2 (1988))— is a partial 
agonist with micromolar affinity for the glycine binding site. 
A neun^rotective efficat^ for HA-966 in vfvo has not been 
demonstrated, nor has it been demonstrated for the other 
available glycine antagonists because they lack UoavailabiliQr 
in -nvo. 

However, one recent success in idemifying orally acdve glycine 
receptor antagonists was rqx>ited by Kulagowski etal., J. Med. Chem. 
57:1402-1405 (1994). who disclose that 3-substituted 4-hydioxyquinoline- 
2(lA)-ones are selective glycine antagonists possessing potent in vivo activity. 

McQuaid, L.A. et al.,J. Med, Chem. 55:3423-3425 (1992), discloses 
3-pheqyl-4-bydro;9-l,2-dihydroquinolin-2-onesiiaviiig the fonnula: 
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which are n^rted to be selective antagonists at the stisfchmne-inseiishive 
glycine site on the NMDA receptor complex. Kulagowski et al., J. Med. 
Chenu, 57:1402-1405 (1994) teach that compounds of this general fonnnal 
whenRjisH, R2i80andB3isHarehigUyactiveinWvi?. See abo Leeson 
et oL, Bioorg. Med. ChenL Let, 3: 299-304 (1993). These compounds are 
hydrophobic and are cxp&siBd to be hard to administer fay the intravenous 
route since they would be difficult to formulate in an aqueous solution. 

Carling et al, in U.S. Patent No. 5,252,584 disclose a class of 4- 
hydroxy-2(lH)-quinolone derivatives which are substimted at the 3-po5ition 
by an N-linted heteroaromatic ring system. The compouiuls have the general 
fonnuia: 



OH 




wherein represents a group of formula (i), (ii) or (iii): 




< n < H > (lis) 



in which the E represents the residue of a 5-mCTibeied heteroaromatic ring 
containing 0, 1, 2, or 3 further nitrogen att>ms. These compounds are 
reportedly useful in the treatment and/or prevention of conditions, in particular 
neurodegenerative disorders* whidi require the administration of selective non- 
conq^etitive antagonists of NMDA receptors. 
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European Patent Application Publication No* 459,561, published 

December 12, 1991, discloses 2,4-dk>xo*l,2,3,4-teixahydroquiiiol]ne 
derivatives having the formula: 

r2 




5 wherein 

is a group of part formula (i) or <ii): 
-<CH=CH)^-T 



n 



(i) 



■CH=C 



(ii) 



These compounds are reported to be selective non-competitive 
10 antagonists of NMDA receptors and are useful in treating neurodegeneiative 

disorders, convulsions and schizophrenia. See also U.S. Patent No. 
5,268,378, lo Baker ei al, issued December 7, 1993. 

International application WO94/20470, published September 15, 1994, 
discloses 4-hydroxy*3-nitrO'l,2-dihydroquinoline-2-ones having the formula: 




or a pharmaceutically acceptable salt thereof; 
wherein 
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Ri - Ri may be hydrogen, nitio, amino, halo, iialoalkyl, cyano, all^l, alkenyl, 
all^l, azido, ac^lamino, sulfonyl, aiyl or alkoxy. This invration resulted 
fncnn the initial discovery that 44iydroxy-3-iihio-l,2-^ihydroquinolin-2-one 
exhibits high binding to the glycine iecq)tor. The implication discloses 
methods of treating or preventing neuronal loss associated with strote, 
isdiemia, CNS trauma, hypoglycemia and surgery, as well as tteatii^ 
neurodegenerative diseases including Ahteimer's disease, amyotrophic lateral 
sclerosis. Huntington's disease and Down's ^ndrome, treating or preventing 
the adverse consequences of the overstimulation of the excitatoiy amino acids, 
as well as treating anxieQr, convulsions, chronic pain and inducing anesthesia, 
comprising administering the 4-hydroxy-3-nitro-l,2-dihydroquinol]ne-2-ones 
to an animal in x^ed of treatment. 

International application WO94/27605 discloses 1,2,3,4- 
tetrahydroquinoline-2,3,4-trione-3-ox]me$ and 1,2,3,4-tetrahydroquinoline- 
2,3,4-nione-4-oximes having the general formula 
Formula (I) 




H 

or a pharmaceutically acceptable salt thmof; 

whmin one of X or Y is oxygen and the other of X or Y is N— OR, where 
R may be hydrogen, alkyl, aiyl, heteroaiyl, acyl, halogen-substimted acyl or 
aiyloyl. The compounds are useful for treating or preventing neuronal loss 
associated with stroke, ischemia, CNS trauma, hypoglycemia and surgery, as 
well as treating neurodegenerative diseases including Alzheimer's disease, 
amyotrophic lateral sclerosis, Huntington's disease and Down's syndrome, 
treating or preventing the adverse consequences of the overstimulation of tte 
txdtztofcy amino acids, as well as treating anxiety, convulsions, chronic pain, 
psychosis and inducing anesthesia. 
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A need contunies to exist for potent and selective glycine/NMDA 
antagonists which can penetrate the blood/brain hairier and wfaidi: 

• lack the PCP-lite behavioral side effects common to the PCP- 
like NMDA channel blockers, such as MK801, or to the 
competitive NMDA tectptor antagonists, such as CGS197S5; 

• show potent anti-iscfaemic efficacy because of the non- 
c<m]petitive nature of their glutamaie antagoiiism at the NNfDA 
receptor; 

• have utility as novel anticonvulsants with fewer side-effects 
than the PCP-like NMDA channel blockers or the competitive 
NMDA antagonists; 

• help in defining the functional significance of the glycine 
binding site of the NMDA receptor in vivo. 

Additional requirements for clinically useful glycine/NMDA 
antagonists are high water solubility and a relatively low degree of binding to 
plasma proteins. Good water solubility is desirable so that the glycine/NMDA 
antagonists can be formulated into an aqueous solution for i.v. administration. 
Antagonists which have a relatively low degree of binding to plasma protein 
are desirable so that bioavailability is not reduced. 

Summary of the Invention 

The invention relates to a method of treating or preventing neuronal 
loss associated with stroke, ischemia, CNS trauma, hypoglycemia, and 
surgery, as well as treating neurodegenerative diseases including Alzheimer's 
disease, amyotrophic lateral sclerosis, Huntington^s disease, and Down's 
syndrome, treating or preventing the adverse consequences of the 
overstimulation of the excitatory amino acids, as well as treating anxiety, 
convulsions, chronic pain, psychosis, inducing anesthesia, and preventing 
opiate tol^ance, comprising administering to an animal in need of such 
treatmem a compound of the Formulae (/-//i) 
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/ 



m 



ot tautomers or phannaceutically- accq^table salts thereof; 
wherein 

A* D, E and G independently represent caibon or mtrogen* provided 
that at least two (tf A, D, E and G represent carbon, one or two of A* D, E 
and G represent nitiqgen, wterein said nitrogra is optional^ present as an N- 
oxide; 

R,« Ry and represent two or three subsdtitents not exceeding the 
maximum permissible by the disposition of nitrogen atoms in the combination 
A, D, E and G, which substiments independently represent hydrogen, nitro, 
amino, halo, haloalkyl, cyano, cyanamido, dicyanometl^l, alkyl, cycloalkyl, 
alkenyl, alkynyU azido, hydroxy, carboxy, acylamino, alkylsulfonyl, alky Ithio, 
aryl, substituted aiyl, heteroaryl, alkoxy, trialkylsilyl-substituted alkoxy, 
aiyloxy, substituted aryloxy, heteroaiyloxy, a heterocyclk: group, a 
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heterocyclicoxy group, aialkoxy or haloalkoxy, provided that when G is 
caxbon« G may only be substituted by one of hydrogen or fluorine; 

R) represents nitro, cydno^ trifluoromethyl, trifluoromethylsulfonyl, 
1-alIgfnyU —COK, — CC^R, — C(0)SR, cyanamido, triqmnomethyl, 
5 — N(CN)2t -C(CN)2— R, — C(=C(CN)2)— R, optionally substimted phenyl or 
qnionally substituted heteroaiyl; 

Ri2 rq)xesents mtro, cyano, trifluoron^tlqrl, trifluoromethylsulfbiQrl, 
1-aIkynyU -COR, -CO^R. -C(0)SR, -CHR'R^ -NHR. -NHC(0)R, 
cyanamido, triqranomethyl, -N(CN)2, -C(CN)j-R, -C(=C(CN)2)-R, 
10 optionally substimted phenyl or optionally substimted heteroaiyl; 

R' represents nioro, nioroso, acyi or cyano; 

R" represents hydrogen, acyl, alkyl, cycloalkyK alkenyl, aiyl, 
substimted aiyl, cyano, nitro or nitroso; 

R represents hydrogen, alkyl, alkenyl. alkynyl, cycloalkyl, aiylalkyl, 
IS arylalkenyl, aiylalkynyl, heteroaiyl, heteroaiylalkyi or heteroarylalkenyU any 

of which groups may be optionally substituted; and 

one of X or Y represents oxygen and the other of X or Y represents 
N— OR9, wherem R9 rq)resents hydrogen, alkyl, aryl, heteroaiyl, acyl, 
halogen-substimted acyl or aiyloyl. 
20 The invention also relates to novel compounds having the Formulae 

(/*J7/) recited above, or a tautomer thereof or a pharmaceutically acceptable 
salt thereof. 

Another aspect of the presem invention relates to nitrone analogs of 
quinoxalone NMDA glycine receptor antagonists having the foimula: 



25 



B*, H 
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or tautomers or phannaceutically accq)table salts theieof ; 
wherein 

R'( and R'7 mdependeody represent hydrogeot nitro, amino, halo, 
haloaUgrU cyano. aSkyU cycloalkyl, alkenyi, aOcynyl. azido, hydroxy, caiix)jqr, 
5 acyhunino, alkylsulfonyl, ailgrltfaio, aiyl, substhuted aiyU hetecoaiyl* alkoxy, 

tEiallgrlsilyi-suhstituted alkoxy, aiyloxy, substiQiied aiyloxy, heteioaiyloxy, a 
hsxemcyc^ gFoiq>, a hecerocydicoxy group, araUcoxy or haloalfco}^; 
R's represents one of hydrogen or fluorine; 
R2 rq>iesent5 nitro, cyano, trifluorometfayl, trifluonmiethylsulfonyl, 
10 I-alkynyl, -COR, -CO^R, -C(0)SR, -CHR'R\ -NHR, -NHC(0)R, 

cyanamido, tricyanometbyl. ~N(CN)2, -C(CN),— R, — C(=C(CN)2)-R, 
optionally substituted phenyl or optionally substituted heteroaiyl; 
R' represents nitro, nitroso, acyl or cyano; 
R'^ represents hydrogen, acyl, alkyl. cycloallgrl, alkenyl, aiyl, 
15 substituted aiyl, cyano, nitro or nitroso; and 

R represents hydrogen, alkyl, alkenyl, allg^yl, cycloalkyl, arylalt^l, 
aiylalkenyl, aiylaUg^nyl, hetmaiyl, heteroarylalkyl, orheieroaxylalkenyl, any 
of which groups may be optionally substioited. 

The nitrone analogs also bind the glycine receptor and are useful for 
20 treating or preventing neuronal loss associated with stroke, ischemia, CNS 

trauma, hypoglycemia and surgeiy, as wdl as treating neurodegenerative 
diseases inchiding Alzheimer's disease, amyotrq)hic lateral sclerosis, 
Huntingu>n's disease and Down's syndrome, treating or preventing the adverse 
consequences of the overstimulation of die excitatory amino acids, as well as 
25 treating anxi^, convulsions, chronic pain, psychosis and inducing anesthesia. 

The compounds and methods described herein are an improvement 
over the prior an. The compounds of the current invention possess greater 
water solubility than ihe prior an con^imds while maintaining high 
selectivity for die glycine receptor. It is also believed that the compounds of 
30 the invention bind to plasma proteins to a lesser degree than the compounds 

known in the prior an. 
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In one embodiment, the present invention relates to a method of 
treating or preventing (A) neuxonal loss associated with stroke, isdiemia, CNS 
trawna^ or hypoglycemia or (B) the adverse neurological consequences of 
surgeiy, comprisiqg adminisfflring to an animal in need of such treatment or 
preveittion an effective amount of a compound defined by one of Formulae 
/-/V or a pbarmaceutically acceptable sak thereof 

In a second embodiment, the present mventu>n relates to a method of 
treating a i«ut>degeneiative disease selected from AlzJieimer's disease, 
amyotrophic lateral sclerosis, Huntington*s disease, and Down's syndrome, 
comprising administering to an animal in need of such treatment an effective 
amount of a conqKmnd defined by one of Formulae /-/V or a pbarmaceutically 
acceptable salt thereof. 

In a third embodiment, the present invention relates to a method of 
antagonizing excitatory amino acids at the NNfDA receptor complex, 
comprising administering to an animal m need thereof an effective amount of 
a compound defined one of Formulae MV or a jduumaceutically acceptable 
salt thereof 

In a fourth embodunent, the ptesem invention relates to a method of 
treating or preventuig the adverse consequences of the hyperactiviQr of ttie 
NMDA receptor, comprisix^ administering to an animal in need of such 
treatmmt or prevention an effective amount of a compound defined by one of 
Formulae /-/V or a phannaceutically acceptable salt thereof. 

In a fifth embodiment, the present invention relates to a method of 
treating chronic pain, comprising administering to an animal in need of such 
treatment an effective amount of a compound defined by otie of Formulae /-/V 
or a phannaceutically acceptable sak thereof. 

In a sixth embodiment, the present invention relates to a method of 
treating or preventing anxiety, comprising administering to an animal in need 
of such treatment or prevention an effective amount of a compound defined 
by one of Formulae MV or a phannaceutically acceptable salt thereof. 

In a seventh onbodimem, the present invention relates to a method of 
treating or preventing convulsions. conq)rising administering to an animal in 
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need of such treatment or prevention an effective amount of a compound 
defined by one of Formulae /-/V or a phaxmaceutically acceptable salt thereof. 

In an eighth embodiment, the piesoA invention relates to a method of 
inducing anc st hcsiat ontqjrising administering to an animal in need of such 
S anesthesia an effective amount of a compound defined by one of Formulae 

/-/V or a phamiaceutically acceptable salt thereof. 

In a ninth embodiment, the present invention relates to a mettiod of 
treating or preventii^ NMDA recq>tor-ion dbamiel rekited pqi^chosis, 
comprising administering to an animal in need of such treatment or prevention 
10 an effective amount of a compound defined by one of Formulae /-/V or a 

pharmaceutically acceptable salt thereof. 

In a tenth embodiment, the present mvemion relates to a method of 
inducing a hypnotic effect, comprising administering to an animal in need of 
such treatment an effective amount of a compound defined by one of 
15 Formulae MV or a pharmaceutically acceptable salt thereof. 

In an eleventh embodiment, the present invention relates to a 
radiolabelled compound having one of Fommlae /-/V or a pharmaceutically 
acceptable salt thereof. 

In a twelfth embodiment, the present invention relates to a mediod of . 
20 preventing opiate tolerance, comprising administering to an animal m need of 

such prevention an effeaive amount of a compound having one of Formulae 
/-/V or a pharmaceutically acceptable salt thereof. 

In a thirteenth embodiment, the present invention relates lo a 
pharmaceutical compositions conqirising a compound having one of Formulae 
25 A/V and a pharmaceutically acceptable carrier, . 

Description of the Preferred Embodiments 

The compounds which may be used in the practice of one embodimem 
of the invention have the Formube (/-HI) as shown and described above. 
By choosing suitable starting materials, tte 5-aza, 5-aza(N-oxy), 6-aza, 
30 6-a2a(N-oxy), T-aza, 7-a2a(N-oxy), S-aza, 8-a2a(N-oxy), 6,8-diaza, 
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6,8-diaza(mono-N-oxy), 6,8-dia2a(di-N-oxy), S,7-diaza, 5.7-<iiaza(mono-N- 
oxy) or 5,7-diaza(di-N-oxy) analogs of tiie above fonnulae can be prepared. 
Thus, compounds having die following structures are encompassed by the 
present mvention: 



OH 
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VI 



Y 

Via 




Vlb 



Vic 



VId 



Rb H 
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or tautomers or phannaceutically acceptable salts thereof; 
wherein 

R5, R7, R'e and R'7 independently represent hydrogen, nitro, 
5 amino, halo, haloalkyl, cyano, hydroxy, carboxy, alkyl, cydoalkyl, alkenyl, 

alky^yi, azido, acylamtno, all^Itbio, atkylwlfonyl, aiyl, substituted aiyi, 
heteioaiyl, alkoxy, trialkyisUyl-substituied alkoxy, aiyloxy, substituted 
aiyloxy« heteroaryloxyt a heteroc^dic groiqp, a heieto^clicoxy group, 
aralkoxy or baloalkoxy; 
10 Rs and R'^ rq[>ie8ents one of hydrogen or fluorine; 

n is zero or one; 

R, represents nitro, cyano, txifluorometfayl, trifluoromethylsulfonyl, 
1-alkynyI, —COR, — CO2R. — C(0)SR, cyanamido, tricyanometfayl, 
— N(CN)2, --C(CN)2— R. — C{=C(CN)2)-R, optionally substinited phenyl or 
15 optionally substituted hcusroaiyl; 

R2 represents niuro, cyano, trifluoromethyl, trifluoromethylsulfonyl, 
1-alkynyl, -COR, -CO^K -C(0)SR, -CHR'R", -NHR, -NHC(0)R, 
cyanamido, tricyanomethyl. — NCCN)^, -C(CN)i— R, — C(=C(CN)2)— R, 
optionally substituted phenyl, or optionally sub^mted heteroaryl; 
20 R' represents nitt-o, nitroso, acyl or cyano; 

R" represents hydrogen, acyl, alkyl, cycloalkyl, zlkcayU aryi, 
substimted axyl, Qrano« nitro or nitroso; 

R represents hydrogen, alkyl, alkenyl, allgaiyl, cycloalkyl, arylalkyi, 
aiylalkenyl, arylall^yl. h^roaiyl, heieroarylaikyl or hetoroarylaikenyl, any 
25 of whteh groups may be optionally substituted; and 
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one of X or Y is oxygen and the other of X or Y is N— OR^ wherab 
R9 represents hydrogen, alicyU axyl« heteroaryU acyi, halogen-substituted acyl 
or aryloyl. 

Another aspea of die present invention relates to nitrone analogs of 
5 quxnoxalone NMDA glycine receptor antagonists having the fonnula: 




IV 



or tautomers or phannaceutically accqitable salts dieieof; 
wherein 

R'5, R'5 and R'7 independently xepresent hydrogen, nitro, amino, halo, 
10 haioalkyi, cyano, all^l, cycloali^l, alkenyl, alkynyl, azido, hydroxy, carboxy, 

acylamino, ali^lsulfonyl, alkylthio, aryl, substituted aiyl, heieroaryl, alkoxy, 
triall^lsilyl-substinited alkoxy, aryloxy, substituted aryloxy, heteroaryloxy, a 
heterocycUc group, a heterocycltcoxy group, araltoxy or haloalkoxy; 
R'g represents one of hydrogen or fluorine: 
IS R2 represents nitro, cyano, trifluoromethyl, trifluoromethylsulfonyl, 

l-alkynyl, -COR, -CO^R, -C(0)SR, -CHR'R^ -NHR, -NHC(0)R, 
cyanamido, tricyanomethyl, — NCCN)^, --C(CN)2— R, -C(==C(CN)2)— R, 
optionally substituted phenyl or optionally substituted heteroaiyl; 
R' represents nitro, nitroso, acyl or cyano; 
20 R" represents hydrogen, acyl, alkyl, cycloalkyl, alkenyl, aryl, 

substituted aryl, cyano, nitro or nitroso; and 

R represents hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, arylalkyl, 
aiylalkenyl, aiylalkynyl, heteroaiyl, hmroaiylalkyl, or heteroaiylalkenyl, any 
of which groups may be optionally substinited. 
25 The nitrone analogs also bind die glycine receptor Hie orally active 

glycine receptor antagonists reported by Kulagowski etal.^J. Med. Chem. 
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57:1402-1405 (1994) have a pK. of about 5.5. Tberefoie, the majority of 
these molecules would be dq>rotoza^ at the 4-faydroxy group at physiological 
pH. The nitrone analogs have a similar sbuctme to die dq)rotonated foxm of 
the orally active glycine receptor antagonists reported by Kulagowski et al 
5 and are expected to have similar oral activity. 

Hie compounds of the invemion will in general exist in equilibrium 
with their other tautomeric forms. For example, tautomers of fozmula la 
include those strucures of fomiulae A to C: 




wherein Ri and R5 to Re are as defined above. It is to be tmderscood that all 
tautomeric forms of the compouiKis of formulae /-V//, as well as all possible 
mixmres theieof. are included within die scqoe of the present invention. 

Where the compounds according to the invention have at least one 
asymmetric center, they may accordingly exist as enantiomers. Where the 
|g conqx)unds according to the invention possess two or more asymmetric 

centers^ they may additionally exist as diastereoisomers. It is to be understood 
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that all such isomers and mixoiies thereof are encompassed within the scope 
of the present invention. 

One sub-class of compounds which can be esiployed m the cunem 
invention is represented by tte compounds of formulae /e-/A: 




Ig ih 



or tautomers or pharmaceucically acceptable salts thereof; 
wherein 

Ris, and Rp independently represent hydrogen, nitro, amino, halo, 
haloalkyi, cyano, carboxy, alkyl, alkenyl, alkynyl, alkylthio. azido. 
acylamino, sulfonyl, aryl, alkoxycarbonyl or alkoxy; 

R,8 represents hydrogen or fluorine; 

R,i represents hydrogen, halogen, cyano, trifluoromethyl, nitro, 
hydroxy, amino, carboxy, alkyl, alkenyl, alkoxy, alkynyl, aryl, arylalkyl, 
aiyloxy, arylthio, arylalkenyl, aiylalkynyl, heterocycloalkyi, heteroaryl, 
heteroaiylalkyl, h^eroaryloxy, heteroarylthio, and htteroarylalkenyl, any of 
which groups may be optionally substimted; and 

n is zero or one. 
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Suitable values of R13, R16 and Rn include hydrogen, halogen, cyano, 
trifluorcmiethyl, nitro« hydroxy, amino, carboxy, alkyl, C|^ alkoxy, C,^ 
alkyltfaio or C^^ aIkoxycaitx)nyL 

Suitable values of R|, include hydrogen, halogen, cyano, 
5 trifluoromethyl, nitro, hydro^Qr, amino or carboxy* Additional suitable values 

of R„ include C,^ all^l, aryl(C,^aIlgrl, aryl(C,^alkeziyl, aiyloxy, 
hetBroazyl(C,^aIkyl, heteroaiyl(Ci^)alkeQyl or h(»eroaiyloxy, any of which 
groups may be optionally substimted. 

The optional substituents on the gmsp R,t suitably include hydroxy, 
10 halogen, trifluoromethyl, Ci^ allcyl, C|^ alkoxy, Ci^^alkoj^CCi^alkoxy, Ci^ 

haloall^l, phenyl, ben^l or phenoxy. 

The optional substituents on the group Rn are preferably hydroxy, C|^ 
alkoxy or C,.«alia>xy(C,^altoxy. 

Particular values of R^ with respect to formula /e. If, Ig and Ih 
15 include hydrogen, benzyl, phenethyl, hydroxyphenylmethyl, 

hydro xy phene thy 1, phenoxy , metho x y phenyl me thy 1 , 
methoxymethoxyphenylmethyl, thienylmettqrl, thienylethyl, thienylvinyl, 
thienyloxy,pyridyiethyi, pyridylmethyUpyridyloxy, (N-oxy)pyridylmethyiand 
.(N-oxy)pyridyloxy, 

20 Preferably, for /e, R,« and R19 are each hydrogen, and R^ is one of 

fluoro, chloro, bromo, methyl, trifluoromediyl or nitro. For If, R,5 and R,b 
are each hydrogen, and R^ is one of fluoro, chloro, bromo, methyl, 
trifluoromethyl or nitro. For Ig, R,5, R,6 and Rjg are each hydrogen, and 
n is 1. For Ift, R15 and Ri^ are each hydrogen, Rn is one of fluoro, chloro, 

25 bromo, methyl, trifluoromediyl or nitro, and n is 0. 

When R|| is benzyl, phenetfiyl, (4-hydroxyphenyl)methyl. (4- 
m^oxyphenyOmethyl, (4-methoxymethoxyphenyl)methyl, phenoxy, (3- 
thienyl)m^yl or <3-thienyi)oxy, R,| is preferably in the meta position. When 
Rii is all^l, alkoxy, nitro, hydroxy or amino, Rj, is preferably in the 

30 para position. 
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Anodier sub^class of conqKninds according to die invention is 
represented by the compounds of formulae B, |/, & or B: 




PP OH 
R* H 



R** OH 




rt" H 



Ik 



fP oh 
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or tamcnners or phannaceudcally acoqitable salts tfaete(tf; 
wherein 

xepiescnts -COR» w -COiR»; 
R^, R^ and R^ indqpeiHtaitly iq)resent hydrogen, halogen, cyano, 
5 trifluoiomethyl, nitro, hydroxy, amino, carboxy, alkyl, aikoxy, or 

Ci^ alkyltfaio; 

R^ represents hydrogen or fluorine; 

R^ represents all^l, alkenyl, aUcynyl, cycloallcyl, azyl, aiylaUcyl, 
arylaUcenyl, aiylalkynyl, heterocycloaO^I, heteroaiyi, beceroaiylall^l or 
10 fa^eroaiylalkenyU any of whidi gnmps be optionally substituted; and 

n is zero or one. 

Preferred values of R^ inchide C3.7 cycloaU^l, aryKCi^^yall^l, 
aryl(C2^)alkenyI, aryl(C2.6)alkynyl, heteroaryl(C,.6)alkyl or 
heteroaiyl(C^6)alkjenyl, heteroarylalkynyl, any of which gmsps may be 
IS optionally substituted. 

The optional substituents on the group R^ suitably include Q.^ alkyl, 
phenyl, halogen, Cj^ haloalkyi, trifiuonnnethyl, hydroxy, aikoxy, Ci^ 
alkoxy(Ci^Ikoxy, aryloxy, keto, nitro, cyano, carfooxy, alkoxycarbonyl, 
C24 alkoxycarbonyl(Ci^)alkyl, Cj^ aikylcarbonyloxy, alkylthio, 
alkylsulfinyt, Ct^ alkylsulfonyl, amino alkoxycarbonylamino and C2.6 
alkoxycarbonylamino(C|^alkyL 

The optional substituents on the group R^ are preferably hydroxy, Ci^ 
aikoxy, alkoxy(Ci^alkoxy and alkoxycarbonylaminoCCi^all^l, 
especially hydroxy, methoxy, methoxymethoxy and 
t-butoxycarbonylaminomethyL 

Particular values of R^ with respect to formulae /i, Ik and // 
include cy clopropyl , benzyl , phenethyl, hydroxyphenethyl , 
bis(medioxymethoxy)phenefhyI, (t-butoxycarbonylaminomethyl)phenethyl, 
phenylpropyl, hydroxyphenylpropyt, pheiqrlbutyl, hydroxypheiqrlbutyl, 
phenylallyl, methoxyphenylallyl, phenylpropargyl, hydroxyphenylpropargyl, 
methoxyphenylpropaigyl, indolylohyl, medioxyindolylethyl, mdolylpropyl, 
thienylethyl, tbienylviiiyl, pyridylethyl, pyridylpropargyl, (N"Oxy)pyridylethyl 
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and (NH3xy)pyridylprppaigyl. Prefened values of aie cyclopropyl and 
hydioxyptenylpropaigyL 

Suitably^ and are independently selected from hydrogen, 

halogen* trifluoromethyl, nitn>« amino and C,^ alkyU provided thai at least 
5 one of R^, R" and R^ is other than hydrogen. Preferably R" represents 

hydrogen or halogen, one of R^ and R^ represents halogen or nitro* and the 
other of R^ and R^ represents hydrogen, halogen or nitro. In a particular 
embodiment. R^ and R^ each represents hydrogen and R^^ represents halogen, 
especially chlorine. 

10 An additional sub-class of compounds according to the invention is 

represented by the compounds of formulae Im, In, Io and Ip: 




Im 



OH 




H 



ill 



o 



In 




io 



R* H 
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PP OH 




or tautxmiecs or phannaceutteally acceptable salts thereof; 
wherein 

represents oxygen, sulphur or N--A*\ 
S A" and independently represent hydrogen, halogen, cyano, 

tnfluoromethyl, nitro, hydroxy, amino, carboxy, C,^ ali^l, alkenyi« 
^^Usi^yl* Cj^Tcycloalkyl, C3.7 cydoaUcyl(C,.6)allcyl, aiyl, axyl(Ci^alkyl, C|^ 
alkoxy« alkenyloxy, C,^ alkylthio, alkenylthio, all^lcarbo^yU 
aiylcarbonyl or alkoxycaibonyl; or A" and A'^ together represent tfie 
10 residue of an qptionally substituted aromatic or heteroarcnnattc ring; 

A" represoits hydrogen, Ct^ alkyl or aiy](C|^alkyl; 
J represents a bond or a carbonyl group (C^O) ; 
represents hydrogen or fluorine; and 

R'^, R^^ and R'^ independently represent hydrogen, halogen, cyano, 
15 triflttcmmethyl, nitro, hydroxy, ammo, carboxy, C,^ allgrl, Ci^ alkoxy, Ci^ 

alkyltfaio or altoxycaifaonyl; and 
n is zero or one. 

£xaiiq)les of suitable values for the groups A'' and A'^ inchide 
hydrogen, halogen, Ci^ alkyl, alkenyl, C^^ alkynyl, C3.7 cycloalkyl, C3.7 
20 cycloallQrl(Ci^alkyl, aryl, aiyl(Ci^allQfl, Ci^ alkoxy, alkenyloxy, Ci^ 

allQrlthio, alkenylthio and atylcarbonyl. Paiticular values of A" and A'^ 
include hydrogen, bromo, methyl, ^yl, isopropyl, vinyl, allyl, cyclopropyl, 
cyclopropylmethyl phenyl, bcnzyU allyloxy, allylthio and benzoyl. 

Wheie A" and A" together represrat the residue of an optionally 
25 substituted aromatic or heteroaromatic ring, this is preferably an optionally 
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substioited benzene ring. Ejcamples of optional substiments on the aromatic 
or heteroaromatic nug suitably include nitro, and aUcoxy such as 
Toetiioxy. 

Suitably, A" lepiesents hydrogen or methyl, prefinably methyl. 
S Suitably. R^, R^^ and R^ are indqiendently selected from iQrdrogen, 

halogen, nitro, amino and Ci^ alkyl, provided diat at least one of R", R^ and 
R^^ is oth^ than hydrogen. Preferably R^ represents hydrogen or halogen, 
one of R^ and R^^ represents halogen or nitro, and the otfa^ of R^ and R^^ 
represoits hydrogen, halogen or nitro. In a particular embodiment, R^ and 
10 R^ each represents hydrogen and R" represents halogen, e^)ecially chloriK. 

A further sub-class of compounds according to the invention is 
represented by the compounds of formulae Ig, Ir^ IsBBdItzxid salts thereof: 

OH 




ig 



Ir 



H 



OH 



15 
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R** OH 




wherein 

A^' represents hydrogen, halogen, cyano, trifluoromethyl, nitio, 
hydroxy, amino, carboxy, allc^rl, Ci^lkoxy, C|.ealkylthio, 
5 allcylcarbonyl, arylalkyl, aryloxy, arylalkenyl, arylaDg^nyl, heteroaryl, 

faeteroarylaUgrl, heteroaryloxy« heteroatylalkenyl, arylcarbonyl, or 
alkoxycarbonyl; 

J represents a bond or a carbonyl group (C=0) ; 

represents hydn)gen or fluorine; 

10 R^, R^ and R"^^ indepradently rq>iesent hydrogen, halogen, cyano, 

trifluoroniethyl, nitro, hydroxy, amino, carboxy, alkyl, Ci^ alkoxy, Ci^ 
all^lthio or Ct^ alkoiQrcarbonyl, provided diat at least one of R*\ R^ and R^^ 
is odier than hydrogen; and 

n and n' are each indepmdentty zero or one. 

15 Examples of suitable values for the grotqis A^' include hydrogen, 

halogen, C,.6 alkyl, aryI(C|.6)alkenyl, heteroaryl(C,.6)alkyI, 
heteroaryl(C,JaIkenyl and 'arylcarbonyl. Preferably, A^^ is hydrogen. 
Additionally, the aryl and heteroaryl moieties present in A^^ may have 01^, 
two or three optional substituents. These optional substituents suitably include 

20 hydroxy, halogen, trifluoromethyi, C,^ alkyl. C,^^ alkoxy, 

Ci,<alkoxy(Ci Jalkoxy, C,^ haloalkyl, phenyl, benzyl or phenoxy. 

Suitably, R^^ R^ and R^^ are independently selected from hydrogen, 
halogen, nitro, amino and alkyl, provided that at least one of R^^, R^ and 
R^^ is other than hydrogen. Preferably R^ represents hydrt^en or halogen. 



WO96/22990 



PCT/DS9S/16S75, 



-34- 



one of R"*' and R^^ lepiesents taalogcai or nicro, and tbe other of R"^ and R^ 
represents hydrogen, halogen or nitro« 

Preferably, J is a bond and can attach die quinolone to die 2, 3 or 4 
positions of the pyridme moiety. 

Most preferably, far Iq, R^ and R^ are eadi hydrogen, J is a 
bond, and R^^ is one of fluoro, chloro, hromo, methyl, trifluoromethyl or 
nitro. Most preferably, for /r, R^^ and R^ are each hydrogen, J is a 
bond, and R^^ is one of fluoro, chloro, bromo, methyl, trifluoromethyl or 
nitro. Most preferably, for Is, A^, R^^ R^ and R^« arc each hydrogen, J is 
a bond, and n is L Most preferably, for A, R^^ and R^ are each 
hydrogen, J is a bond, R^^ is one of fluoro, chloro, bromo, methyl, 
trifiu(m>methyl or nitro, n' is zero or oiie n is zero. 

CcmqKninds wherein an aza and/or an aza(N-oxy) group is at each of 
portions 6 and 8 or positions S and 7 are considered equivalents of the 
conq)ounds having formulae le through It for die purposes of this invention. 

Preferred conqvounds widiin die scope of Formulae III mA IV m 
nitrones callable of existing in a tautomeric N-hydroxy form. 
Nitrone-N-hydroxyenamine tautomerism is known for several classes of 
heterocyclic conopounds (Breuer E. In Nitrones. Nitrmuues and Nitroxides; 
Patai and Rappc^ort, Eds.; John Wiley & Sons: N.Y.; 1989, p. 139). 
Examples of nitrone derivatives in the quinoxaline series which are expected 
to exist in N-hydroxy forms include, but are not limited to, two following 
subclasses of compounds. 

One subclass of compounds that can be employed in this aspect of the 
current invention is represented by compounds of the following fonnulae: 




IVb 
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or cautomers or phannaceutically acceptable salts thmof; 
wherein 

R'j, R'ft, R'? and R'g are as defined above for Formula /V; 
R'52 represents substituted aiyl or substiuned heteroatyl, wherein said 
substituted atyl or substituted heteroazyl are substituted with —OH, — SH or 
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a group — NHR'i, wherein R\ represents hydrogen, aU^I, cycloalkyi or 
alkoxy; and 

n is 25ero or one. 

Pirefmbly R'52 is phenyl, substitoted at the ortho- or pom- position 
5 with —OH, — SH or — NHR where R\ is preferably hydrogen, C,^ all^l 

or alkoxy. 

The most prefexied compounds of Fdrmulae Ule-IIIh and IVb have a 
proton donor substitueot (—OH, — SH or — NHR' J in an active position of the 
aromatic or heteroaromatic ring. Thus, compounds having die following 
10 stnictuies and tau^meric forms are included within the preferred scope of the 

invention: 
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wberein, pr^rably , R'5 represents hydrogen, nitro or halogen; R « and 
R'7 indepoKlai^ represent hydrogen or halogen; and R's is hydrogoi. 

Another subdass of conqKNinds that can be enq>loyed in die cunent 
invendon is represented by compounds of the following formulae: 




R*« H 
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ir 



H 



Utt 



or tautomers or phannaceutically acoq>iable salts thereof; 
wherein 

R'^, RS, R'3, R' and R' are as defined above for Formula IV; 



n is zero or one. 

The compounds of this subclass will also exist in equilibrium with thdr 
other tautometric fonns« including: 



Preferably « R' represents hydrogen; R" represents acyl, cyano, nitro, 
nitroso or amino; R'5 represents hydrogen, nitro or halogen; R'5 and R'7 
independently rq)resent hydrogen or halogen; and R', represents hydrogen. 
Most preferably, R'5 and R'^ are I^drogm while R'7 is chlorine; or R'3 and 
R 7 are chlorine, and R « is hydrogoi. 

Preferred aryl groups are those having 6 to 14 carbon atoms. Typical 
C^u aryl groups mclude phenyl, naphthyl, phenanthiyU anthracyl, indenyU 
azulenyl, bipfaenyU biphenylenyl, and fluorenyl groiQ)s. 



and 





n/h 
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lypteal srytoisy groiaps sachBde aoy of ^ Q.i<a gsoissps Us&&& by 
osQfgesiu e.g., jimmy wA i-rapliKbylo^gf giroups. 

Ty;»cal sisbsidtatisd ssyl gmsps ancSnsde smy of &e Q.14 asyl gsoi;^s 
s8Bt3sdmE@d by cm or mose halo, sisoo, cyano, siffleyl, aUsmyl, mA siSky^l 
groups, e.g., 2-diiloropbenyl, 2^4-ASbsamoili^U and fiSse ISlte. 

Typieal subs&itotsd ssylosty groins hscMe wyot^ G^i^ s^yl gsm^s 
suibsi^ms@d by om or mcE^ kilo, mitro, qrano, kiU^I, sl&gcsyl, ssmS dli^^l 
gsmps, m& by osQ^gen, e.g., 2<^oi£opismosQr, 2,4^bi:ossiiopb@iQ02cy, 
md to like. 

Typacsl ^loyl groiaps mcMe-^y of to aibove-mmioiQsd siryl groi^s 
s«Lbsi£imsed by si csisbonyl gmi^. 

Pirefemred Siietm)cyciic groups sis^ these havmg 3 m 10 caurbon sttoms 
asiid MviiQg one or more 4, 5, 6, or 7 nnaooiber sat!3S3iS©d or im^sssraied rissgs 
GOMainiag H, 2, or 3 osQfgesi, suttrogan or SE&lliiir heteiositoms {whsse examples 
of heterocyclic radkials are: telcahydrof^^ l,4-<!aiossafi^, l,3,5-Mossaa2e, 
giyrrolidine, psperodme, piperazine, issadazoliae, isoissdoliae, dirraaasse, 
isocfaromaaxe, pyrazolidine, qosmsclidine, pyridiae, pysrolle, oscazole, indole, 
puBrsme, pyrimidine, 1,3-diduane, azetidioie, seK&alhgrdropyran, imidazole, 
daiazole, isoicazole, pyrazole, quinolioe, cyi^ine, thymiffis, uiadl, ademsie, 
guanine, pysazine, l-snethyl-l,4HSihydromcoKine, picolinic acid, picoline, 
fuioic acid, fisrfiiral, fiiirfinyl alcolnol, carbazole, isoquinoMne, 3-pyrroline, 
duopl&ene, fmm^ hexamethyleneimine, £-caprolactone, ^-caprolacaam, omega- 
thiocaprolactcam, and motpliiolme). 

Topical heEeroaryl gmoups Mve 3 m 14 mig asoms; 6, 10 or 14 
'S' elecSEois shared in a cyclic amy; ami coMain carbon atoms and 1, 2 or 3 
oxygen, nisrogen or mlfm beteroatoms (where es^ampfles of betsroaryl gros^s 
are: shienyl, benzo[b|thienyl, naph£ho[2,3-b]tMenyl, thiantbrenyl, fwyl» 
pyranyl, isobenzofiBranyl, chromenyl, sranthenyl, pbeno^sMmyl, 2H-pyrrolyl, 
pjfrrolyl, imidazolyU pyrazolyl, pyridyl, pyrazmyl, pyrimidmyi, pyridazinyl, 
indolizinyl, isoindoiyl, 3iir-indolyl, indolyl, isidazolyl, purinyl, 
4£f-quiQolizinyl, isoquinolyl, quinolyi, phthalazinyi, niydillhyridinyl, 
quinazoliiQfl, cinnolinyl« pi^dinyl, 4&ff-carbasQ)lyI, carbazofiy!, jS-carbolinyl, 
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phemntbridinyl, acridinyl, perimidiiiyU phraamhrolinyl, pfacnaai^l, 
isothiazolyl, pheootfaiazmyl, isoxazolyU furazanyl and phenmaziiiyl groups). 

Topical htferoaiylos^ groups iudude any of the h^erooiyl groups 
liidced by oxygen, e.g« l-faaaoxy, 4-pyridoxy, Trpyrazimxy, puriiie-6-oxy 
5 and the like. 

Typical heieroi^clico}^ groups include any of die heterocyclic groups 
linked by oxygen, e.g. 4-tetxal^dropyranytoxy. 

Typical amino groups include NH2, NHRg, andNR8R9, ^(diereinRg and 
R9 are Cm allQrl groups. 
10 Typical halo groups include fluorine, chlorine, bromine, and iodine. 

Typical alkyl groups include methyl, ethyU propyl, isopropyl, 
butyl, 5^ec-butyl, and ten-bmyl groups. 

Typical C,^ cycloallqrl groups include cyclopropyl, cyclobutyl, 
cyclopentyU cyclohexyU cyclohep^l, and cyclooctyl groups. 
IS Typical C,^ alkenyl groups include vinyl, allyl, l-butenyi, 2-butenyl, 

3-butenyl, and isobutenyl groups. 

Typical alkynyl groi4)s include propargyl, 1-propynyl, 2-propynyl, 
Irbutynyl, 2-butyivyl, and 3-buiyiiyl groups. 

laical aralkoxy groups include alkoxy groups substintced by any 
20 one of the aryl groups mentioned above. 

Typkal haloalkyl grwps include alkyl groups substimted by one 
or more fluorine, chlorine, bronune, or iodine atoms, e.g., fluoromethyl, 
difluoromethyl, trifluoromethyl, pemafluoroetfayl, 1,1-difluoroethyl, and 
trichtoromethyl grot4)s. 
25 Typical alkoxy groups include any oi» of the alkyl groups 

m»tioned above linked by oxygen. 

Typical haloalkoxy groups include any one of the alkoxy groups 
substituted by one or more fluoro, chloro, bromo, or iodo groups, e.g., 
trifluoromethoxy, trichloromethoxy, 2-chloroethoxy, 2-bromoethoxy, 
30 pentafluoroethyl, 3,3,3-trichloropropoxy, 4,4,4'trichlorobutoxy, and the like. 

Typical trialkylsilyl-substimted alkoxy groups include any one of the 
Cm alkoxy groups substimted by a C34 triaUgrlsilyl group, e.g. 
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2-truiiethylsitylethoiQr, 2-triethybilyledioxy and 2-<r-biityldiinediyMyl)etboxy, 
and tbe like. 

Typical aqrl (aUcanoyl) groups include acetyl, propionyU butanoyl, 
and pentanoyl groups. 
5 Typical Cj^ acyl groups substituted by halogen include tiie above- 

mentioned acyl groups substituted by one or more fluoro, chlorOt bromo or 
iodo groups, e.g., trifluoroao^L 

Exanqiles of optional substituents on "substituted*' or ^'optionally 
substioited" groins of R., Ry, R^, R5. R71 R'st RV* RS* R« Rit Ri* and 
10 R'' suitably indude hydrogen, halogen, cyano, trifluoron^tbyl, nitro, 

hydroxy, amino, caiboi^, Ci^ alfyl, alteiyl, C24 alkynyl, C3.7 
cydoalkyl, C3.7 ^doaIl7l(C|.c)aIkyl, aryl, arylos^, aiylduo, aiyl(C|^al]grl, 
C,4 alkoxy, alkenytoigr, Ci^ al^ldiio, Ci^ alkylsulfiqyl, Ct^ 
alkylsulfonyl, C^^ alkenylttdo, C24 alkylcarbonyl, axylcarbonyl or 
IS alkoj^carbonyl, C,^ alkoxy(C|.e)alla>3^, C,^ alkoxybemyl, C^^ 

alkoxy(Ci^alk0xyben^l, phenos^, heteroaryl(Ct4)all9l, heteroaiyldiio or 
heteroaryloxy. Optional substituents have been described for otiier groups 
above. 

Preferred compounds within the scope of Fonnula / indude diose of 
20 Fonnula la wherein R, is nitro, R^ and R7 independently represent hydrogen, 

fiuoro. chloro, bromo, mediyl, trifluoromethyl or nitro, and R^ is hydrogen; 
compounds of Formula lb wherein R, is nitro, R5 and R7 independently 
represent hydrogen, fluoro, chloro, bromo, methyl, trifhioromediyl or nitro, 
and R« is hydrogen; compounds of Formula Ic wherein R| is nitro, R5 and R^ 
25 indqiendently represent faydrogoi, fluoro, chloro, bromo, methyl, 

trifluoromethyl or nitro and R« is hydrogw; and conqxrands of Formula Id 
wherein R, is nitro, R5, R« and R7 independendy represent hydrc^en, fluoro, 
chloro, bromo, methyU tiifluoromediyl or nitro, and n is zero. 

Additional preferred conqxiunds Mdthin die scope of Formula / indude 
30 those of Formula la wherein Ri is qrano, R6 and R, indqxmdemly represent 

hydrogen, fluoro, chloro, bromo, metfayU trifluoromethyl or nitro, and R^ is 
hydrogen; compounds of Formula lb wherein R| is cyano, R5 and R7 
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independently lepiesent l^diogeii, fluoro, chloro, bnmio, metbyl, 
trifhtoran^yl or nitro, and Rs is faydiogen; craipounds of Fomnila le 
wherein is qraoo, Rs and indepoidently lepiesoi faydiogm, fluorOt 
chloro, bnmio, meOQrU txifluoromediyl or nitro and Rs is hydrogen; and 
5 compounds of Fonnula Id wheiein R| is cyano, R5, R« and R7 iiulependently 

lepiesent tQrdrogen, fluoro, chloio, bromo, methyl, trifluorranethyl or nitro, 
and n is zero. Additional preferred compounds within the scope of Formula 
/ include compounds defined by Formulae le-lt above. 

Especially preferred conqpounds within the scope of Formula / include 
10 5-aza-7-chloro-4-hydroxy-3-nitro-2-quinolone, 
S*(N<oxy)aza-7-chloro-4-hydroxy-3-nitro-2-quinoione, 
S-aza-7-chloro*3-cyano-4-hydroxy-2-quinolone, 
S-(N-oxy)aza-7-chloro-3-cyano-4«-hydroxy-2-quinolone, 
S-aza-7-chloro-4-hydroxy-3-(3'-methoxyphenyl)-2-quinolone, 
IS S-(N-oxy)aza-7-chIoro-4-hydroxy-3-(3'-methoxyphenyl)-2-quinoIone, 
S-aza-7-chloro-4-hydroxy-3-(3'-phenoxypheny!)-2-quinolone, 
5-(N-oxy)aza-7-chIoro-4*^hydroxy<-3-(3'-phenoxyphenyl)-2''quinolone, 
S-aza-7-chloro-4-hydroxy-3-(4'-methoxyphenyl)-2-quinolone, 
S-(N-oxy)aza-7-chloro*4-hydroxy-3-(4'-methox3rphenyl)-2-quinoIone, 
S-aza-7-chloro>4-hydroxy-3-(2*pyridyl)~2*quinolone, 
5-(N-oxy)aza-7-chloro-4-hydroxy-3-(2-pyridyI)-2-quinolone, 
5-aza-7-chloro-4-hydroxy-3-[2-(N-oxy)pyridylJ-2-quinolone, 
5-'{N-oxy)aza-7-chloro-4-hydroxy-3-[2-(N-oxy)pyridyI]-2-quinolone, 
5-aza-7-chioro-4-hydroxy-3-(3-pyridyI)-2-quinolone, 
5-(N-oxy)aza-7-chloro-4-hydroxy-3-(3-pyridyl)-2-quinolonc, 
5-aza-7-chloro-4-hydroxy-3-[3-(N-oxy)pyridyl]-2-quinolone» 
5-(N*oxy)aza-7-chloro-4-hydroxy-3-[3-{N-oxy)pyridyIl-2-quinolone, 
5-aza*7-chloro-4-hydroxy-3-(4-pyridyl)-2-quinolone, 
5-(N-oxy)aza-7-chloro-4-hydroxy-3-(4-pyridyl)-2-quinolonc, 
5-aza-7-chloro-4-hydroxy-3-I4-(N-oxy)pyridyll-2-quinolone, 
5-G^-oxy)aza-7-chloro-4-hydroxy-3-[4-(N-oxy)pyridyl)-2-quinolonc. 
5-aza-7-chloro-4-hydroxy-3-{3'-(2-pyridyloxyphenyl)]-2-quinolone, 
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SKN-oxy)aza-7-chl<m)-4-lqrdro)7-3-(3'-(2-pyridyloxy^ 
5-aza-7-chloio-4-hydroxy-3-{3'-[2-(N-oxy)pyridyloxyphe^ 
S-(N-oxy)aza-7*chloro-4-hydn>xy-3-{3'-[2-(N-oxy)ii^ 
quinolone. 

5 With respect to Fomnib ITa, prefened con^xninds are those wtoeui 

X is oxygen, Y is NOH, and R7 independently represent hydrogen, flwio, 
chloro, biomo, methyl, trifhioromethyl or nitco, and is hydrogen; 
compounds of Formula lib wherein X is oxygen, Y is NOH, R5 and R7 
mdq)endently rqnesent hydrogen, fhioro, chioro, bromo, methyl, 

10 trifhioromethyl or nitro, and R« is hydrogen; compounds of Formula lie 

wherein X is oxygen, Y is NOH, S5 and independently represent hydrogen, 
fluoro, chioro, bromo, methyl, trifhioromethyl or nioro, and R« is hydrogen; 
and ccHnpounds of Fonnula lU wherem X is oxygen, Y is NOH, R5, R« and 
R7 indqiendently rcprescait hydrogen, fluoro, chioro, bromo, methyl, 

IS trifhioromebyl or nitro, and n is zero. 

Especially prefeired compounds haviqg Fbrmula // include 
S-aza-7-chloroquinoline-2,3,4-trione-3*oxime, 
S-(N-oxy)aza-7-chloroquinoline-2,3,4-trione-3-oxime« 
5-aza-7-bromoquinoline-2,3,4-trione-3-oxime,- 

20 S*(N-oxy }aza-7-brom6quinoline-2,3 ,4-trione-3-oxime. 

5-aza-7-methylquinoline-2,3,4-trione-3-oxime, 
5-(N-oxy)aza-7-methylquinolinc-2, 3 ,4-trione-3-oxirae, 
S-aza-7-chloro-6-methylquinoline-2,3,4-trione-3-oxime, and 
5-(NH>xy)aza-7K:hloro-6-niethylquinoline-2,3,4-trione*3K>xin^ 

2S With respect to Fonnula /Ha, preferred compound inchide those 

wherein R'^ and RS independently represent hydrogen, fluoro, chioro, bromo, 
methyl, trifluoromethyl, or nhro; R'^ is hydrogen; Rj represents ptenyl or 
phenoxy, either or which is optionally substimted with hydroxy, Ct^ alkoxy, 
aIkoxy(C|^aIko37 or phenos^; or <:OJEL^, whraein vahies of R^ 

30 preferably include C3.7 cydoalkyl, aryl(C|Jalkyl, aiyKQ^kynyl or 

heieroaryl(C|^allcyl, any of which groups bemg optionally siibstituied with 
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hydroxy or Ci^ alkoxy. Attemativety^ R| lepitsenis cyano, trifhioiomethyl, 
trifluoromettiylsulfoiiyl or l-alkynyl. 

With respect to Fomnila UB^ prefencd CQmpounds iKhide those 
wherein R'5 asd RS independently represent hydrogen, fluoro, chioro, bromo, 
5 methyU trifhioromedqrl, or nitro; R's is hydrogen; R2 represents the same 

groups asm the pieoeding paragraph. Widi respect to Formula IZrc preferred 
compounds hichide those wherem R'5 and R'« hidependendy represent 
hydrogen, fluoro, chloro, bromo, m^fayU trifluorometlqfU or nitro; R\ is 
hydrogen; R2 represents the same groups as in the preceding paragraph. With 

10 respect to Formula JlJd preferred con^nsunds include those wherein R'5, R'^ 

and R'7 independently represent hydrogen, fluoro, chioro, bromo, methyl, 
trifhioromediyl or nim); R'^ is hydrogen; R3 rqiresents the same groiq»s as 
in the preceding paragraph. 

With respect to Formula TV, preferred compounds are diose wherem 

IS R'5 is hydrogen, R 7 is Ci^ alkyl, most preferably methyl and R, is phenyl; 

phenyl substitu^ in the 2, 3 or 4 position with one of hydroxy, C,^ alkoxy , 
alkDxy(Ci^alkoxy or phenoxy; or ^OJBP wherein vabies of R^ 
preferably mclude C3.7 qrdoalkyl, aiyl<C|^alkyl, heteroaiyl(Ci^alI^l or 
aiyKCi^all^nyl, any of which graaps befaig optionally substituted with 

20 hydroxy or Ci^ Hkoxy, 

Additional prefmed compounds within the scope of Formula IV 
include those of Formula TV whmin R, is cyano, trifhioromethyl, 
trifluoromediylsulfonyl or 1-alkynyU R'« aixl R'7 uidependently rq>resent 
hydrogen, fluoro, chloro, bromo, methyl, trifluoromethyl or imro, and R's is 

25 hydrogen. 

Most preferred are those conq)Ounds wherem R'5 is hydrogen or 
chloro, R'^ is hydrogen, RS is chloro and R'g is hydrogen. Especially 
preferred compounds within the scope of Formula TV include 
6,7-dichloro-3-phenyl-l,2-dihydroquinoxalin-2-one-4-oxide, 

30 6,7-dichloro-3-(4'-methoxyphenyI)-l,2-dihydroquinoxalin-2-one-4-oxide, 
6,7-dichloro-3-(3'-methoxyphenyl)-l,2-dihydroquinoxalin-2-one-4-oxide, 
6,7-dichloro-3-(2'-methoxyphenyl)-l,2-dihydroquinoxalin-2-one-4-oxide, 



6,7-dicMom-3-(3 '-meshylpheayi)- 1 ,2HfltthydroqmfflosMiia-2«oiae-4-oxide, 

3-cya8io-6,7-dichloro-l,2-dibydroq«amoii3lm-2-oi&@-4-os^i^^ 6,7- 
d&cbiosx)K3-(4^lQfdzQxypheisyl)-l,2p^^ aM 
5 6J-^cWoro-3-(2'-faydro3syp8ii^ 

M genml, petoed compmsSs bsmsg l&igb hmS&ssis tt> the gljfcisae 
fffiosptor aze substimt^d in (sach sivailablle posMoQ (5-, iS- assd 7-po6&ioas) 
esffi^ for t&e 8*{xmtson wJBich lUsi&opoirmt 
til^^®n&e8i$osflid0iniisa«<:H-ss^ tiM&e girosspss^iiteiiKSsubsd 
10 sixbsjflitaited oMy by ifluoirte in oxte m ©wid stl^ fetesfec^iose wsth 

magifsieJSoffl of NH isE tSie 1-posMoa wish the s^e^gor (probably by 
bydjogeabofldisg). Ps^fejxedcompjiJMdsmyMsoto 
jrabssttiimeisias^, such sis NO2 m t&e S-posMom, aa^or 6^7«siiBbsSHi&ueMs, sixch as, 
bslc>g@si sl&yl. N-os^ides or @l®cmM wHdbd&^wiog subsskaesB^s in the 5- 
15 posiisbini iis^ also voy iniimmM to wMds is criskal for 

the ft^iflkdon of the compoEmds in aqvi@ov^ TSBe.a2a(N-osy) 
groiap is Goissidesed to function sis sin electron wisfadsawing siibstiiinent similar 
to NO2, and can meplace the -CH- group at any of the 5, 6, 7 or S-positions. 
The leplaoeBnent of the CH wm N at die S-p(»ition does not introduce any 
20 steric interference effect. It ss dierefore e^p@et@d tib^t &e (N-o^)pyridine 

analogs of S-substituted 4-hydroxydihydroquinolin-2-6nes, and 
tetrafaydroquinaliEe^trione-oxinies described heinein should behave similariy to 
the conespondix^ 3-substituted 4-lqrdroxydihydroquinolin-2'<sinss, and 
tetral^droquiraline-trione^ximes that have Mgh bso^g so the glycine 
25 receptor. Ht is also eiipected that the <N-<2)2sy)pyri^^ 

4-hydro2tydshydroqmnolin-2-<i»nes, and tetrs^ydroqmnaliinie*tnone<^^ will 
be easier to fomulase in phasmaceutkal comp^itions that asre soluble in 
aqueous solutions, con^arsd to 3-syibstitutgd 4-hydroKydshydroqumolin-2- 
ones, and tetrahydroquiMlme-trione-oidMes themselves, especially for those 
30 having an aza group in the 5-position. Smoe log P^^^ = 2.15, log Ppyrito 

= 0.65 and log Ppj^w^ = -1-69 iSiS<s, Leo (St^.. Cksm. Sev. 72:525 
(1971)), there is a differrace in log P of -1.50 from benzene to pyridine and - 
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3.84 fiom bemsne to pyridsK N^cxide. It is sfaesefose ^s:p@ct@d tbat tte 
pjrridis^ pyridiioe N-osdde assdlogs of ihe hydsossyqiaiffioloaes, 
dihydtroquaaolones aad tetrali^ydiroqiil^ will bave a loweir log P asd will 
te mo2e water sohshle CQaq>aml ito the conespondBii^ hydro^qisissolones, 
S diliydroqiafl2K>to^ aad sessahydroq^fissolisies. 

Ute ooHBspounds of tbe psessm kvesBdon aie essp@d@d so be potem 
asiticoavtdsams k asumal models ^ 

death m ^ gorbil global isctaenEiia siaodel alter i.p. or i.v. admisaisidration. 
Tbe compouMs disclosed hez^m asts acdve iQ tDr@atsiQ@ or pic^eati&isg neuronail 

10 loss, SKSiisrodeg^&sradve diseases, asd chrome pain as&d are active as 

siMicos&VElsaiQts a^ m rndBicisig assesthesia wiEhossi nmsowaM side effects 
cauised by sios^selective binding with oiser secqm^rs, paicdculariy, Scaimte, 
AMIPA, aM qnsisqiBallate receptors assd the PCP assd gli^tsmate receptors 
associated with ^ NMBA seceptor. In addition, tib^ compounds are 

IS effective in treating or preventing . the adverse cos^eq^iex^ of the 

hyperacdvi^ of tte excitato^ amioo acids, e.g . , those ib&l axe involved in the 
NMDA secqnor system, by blocking the glycine recepnors and preventiog the 
ligand-gai^ cation channels from opening and allowing excessive inflnuc of 
Ca^*^ into neurons, as occurs duriqg ischemia. 

20 Neurod^enerative diseases that may be treated ws& the compounds of 

the present invoition inchide those selected from the group consisting of 
Alzheimer's disease, amyotrophic la^ral sclerosis, Huntington's disease, and 
Down's syndrome. 

Tbe compounds of the present invention find pairticular uiii^ in &e 

25 treatment or prevemion of neuronal loss associated with snultiple strotes, 

which gives rise to dementia. After a patient has been diagnosed as sufferix^ 
from a stroke, the compouMs of ^ present invention may be administered 
to ameliorate the immediate ischemia and prevent further neuronal damage 
that may occur from recurrent strokes. 

30 Additionally, the compounds of the present invention are able to cross 

the blood/brain barrier, which makes them particularly useM for treating or 
preventing conditions involving tilie central nervous system. Tbe compounds 
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of ttm pDssgQi MV€QEiosi sxe moxe mxes soliiibte tbm prior m HMD A glyeme 

• ptesmfi prosesHBs to & much lower degs@@ dssm prior art mss^mSs^ sesultisig 
k a Ibiigher bioavaiil&biUQr. 

to cross tte blood-teajn farmer, fiSss composed should esMbkml^so of 1^ 
titian sbout 100 mg/&g body weigfai of the ssami&I. Pr^rsiMy, ^ eosi^usisds 
of sSds pEissem SsBve8jeios& ^sbshst of less ohssE fibtmn 20 s^g/kg aM, 

mom p^fembly^ less taoi skMt^ 10 mgffsg. 

The compoosiods of she am'^isidoia &dl psi^ciilsir na^&Ilky m w^Mmg or 
ps:)3vemkg ^ adverse Esewological cosssegueaoes of sus^ge^. For estampie, 
cososBajy bj^pass susgesy irequxte tfhe lase of hean-luag xiffiiicyssgs, which tieirsd 
to isssroduce ak bubbles mto drodatoiy system thsiti may lodge in the 
bram. The ps^sentoe of such ak bubbles robs oaiAiroml tissue of oxygen, 
xesultsng m mom md ischessM. Frs- or post- sisssgical adrnfliassration of the 
compounds of the pres^ hxvention will tseat or prevent the resultiqg 
ischemia. In a psefi^nied esnibodsm^, die compounds of the invention are 
admmisiiersd to patients undergomg cardiopuhnonasy bypass svszgoiy or carotid 
endamrsctomy surgery. 

The con^pounds of the i»esent invention also find utilnQr in treating or 
preventing pain, e.g«, chronic pain. Such chronic pain can be the result of 
surgery, trauma, headache, arthritis, pain associated with terminal cases of 
cancer, w degenerative diseases. The con^xnsnds of the pre^nt invention 
find particular utiliiy in the tr^tment of phantom pain that results from 
amputation of an eKtrsmitiy. In addition to treatment of pain, ^ compounds 
of the invention are also expecoed to be loise^ul in is^cing anesthesia, either 
general or local asassthesia, for eisample, during surgery. 

The binding aMnities of cosnpounds of the ps^nt invention at NMDA 
receptor glycine sites can be estimated by electrophysiological assays with 
ei&mi cloned rat NMDA rsceptors eiqsrgssed in Xeioopus oocytes, or non- 
NMDA recqstors expressed in ooqrtos by whote rat brain poly(A)'^RN Kj 
values are estimated by assuming conq^etitive inhibitton and assaying 
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si^qpression of membrane cunent responses elicited by fixed concratiations 
of agonist: ImM glycine and 100 mM glmamate for NMDA receptors; 20 
mM kainic acid for non-NMDA leoqptors. For NMDA lecqptors K^s are 
q)proximated by averaging values at three sub^pe combinations (NRIA / 
5 NR2A, NRIA / NR2B, and NRIA / NR2Q. See U.S. Application Serial No. 

08/148,259, entitled Glycine Receptw Antagonists and the Use Thereof, 
supra. 

Preferably, die compounds of the invention exhibit a bindiiig affinity 
to the glycine binding site of K; = about 10 pM or less, more preferably, 1 

10 iM or less, and more preferably, 500 nM or less, and more preferably, 100 

nM or less, and most preferably, about 10 nM or less. Also preferable are 
compounds that exhibit bindiqg at the kainate and AMPA sites of not less than 
Ki - 1 f^M and, more preferably, not less than 10 fiM. 

The affini^ of the compounds for the NMDA receptor glycine site also 

15 was measured by mhibition of ('HIDCKA bmdiqg tt> rat brain membranes. 

See, Canton, T. ei al., /. Pham. Pharmacol. 44:812-816 (1992). 

The novel glycme antagonists can be tested for in vivo activity after 
intraperitoneal injection usiqg a number of anticonvulsant tests in ntice 
(audiogenic seizure model in DBA-2 mice, pentylen^etra2x>l-induced^sexzures 

20 in mice, NMDA-induced death in mice, and MES in mice). Preferred 

compounds exhibit ataxia side effects in the rotorod ataxia test at dosage levels 
of greater than about 10 mg/kg, more preferably, greater than about 
20 mg/kg. 

The compounds can also be tested m drug discrimination tests in rats 
25 trained to discriminate PCP from saline. It is expected that most of the 

compounds will not generalize to PCP at any dose. In addition, it is also 
expected that none of the compounds will produce a behavioral excitation in 
locomotor activity tests in the mouse. It is expected that such results will 
suggest that the glycine antagonists of the presem invention do not show the 
30 PCP-like behavioral side effects that are common to NMDA channel blockers 

such as MK-801 and PCP or tt> conq)etitive NMDA antagonists such as 
CGS19755, 
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Ti^gltyciss^miiswkm^ acid astagassists'ss© sSso es^f&st&& do 

compoofflKis cm p^i^&a&s blood/bssisii banier. 

St is ^ell &ao^ so uise opiates, e.g. , morphias, m die snedical ISeld to 
5 allevte psiisL (As lasad hessm^ tbe tssm "opktgs" is ingssided to meaa aay 

ps€pa^on o? desivative of (opiiymv @^s6kiy tbe all^aloids sM^SKosnIly eosiakisd 
^£@!ii2« of wMcM tdli@Eis as:ie sbmniL m^cBily, @.g. , mosplotes, so^pBSg, cod^ss^, 
p^v^rks, aM tfiit)^3»sssi@« iSiek dsnvatives.) Uxofor^sM^iy, wMx 
coiQilteed Bsse, body bosiSds nsp a toiessis^ for ^ opkiiis, md^ thm, for 

10 eosttssm^ the pstient mim b$ subjected to pirogsisssiveiy MgeT do^. 

ToUsMS^ develops afi!@r botSu aensag asd dhnromc moxpinms admMstmtion 
(Koraictt&y ei (Sl.^ Sdimcs M2: 101 1-1012 (1968); Way eial.,J. PhammcoL 
Exp msr. 167:l-& (1969); Bmi&ohsoaeL, J. PhemscoL Bssp Tksr. 198:UB- 
329 (1976); iMSy 0 /• PlmsmcoL £^ User. 2S»:575-580 (1991)1 

15 TMSp iSL itself, caxi b® de&meiatal to die peitiesst^s h@aKb. Bstbemaos©, a time 

cm come whra dse toleraflsce is sosbstasitiallly cossqplete and tbe pain killing 
pirpp@EtBes of the dmg aire no lo%er elfSiscdve. Additionafity^ adBninistsation 
of Iqgher doses of mosphme may lead to lespBsatozy dqpressacm, cansmg the 
patim to stop bseathiqg. Seekmg altetssatave dsiogs to produce analgesia 

20 withoist development of toleranse or as an adjunct therapy u> block toleiasK^e 

without interfeiressce with analgesia is an active axea of research. . 

Recent sitmiiies have suggested a modulatory mh for the NMDA 
receptor in morphine tolexmce, (Trajillo.ifff al.. Science 251:85-87 (1991); 
Marek ^ al,. Brain Res. 547:n-&l (1991); Tisco ei al., J. PhammcoL Exp 

25 Ther. 2^:1090-1096(1993); Lutfy(gr<rf.»Smm^^^ 6i6: 83-88 (1993).) The 

psigsent invention is also dss@c^ to the administmion of the compounds 
described herein to inhibit opiate tolerance by blocking the glycine co-agonist 
site associated with the NMDA receptor. 

The compounds of the present invention may be ^sted for potential 

30 glycine antagonist activity by observing the inhibition of binding of IfsM 

glydne-stimulated [^H]-MK-801 in rat or guinea pig brain msmibr&ne 
homogenates. Hie more potent the glycine antagonist, the less pm-MK-80i 
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can bind since die pH]*MK801 binding site (PCP leceptor) is accessible only 
upon opening of the ion channel by ghitamate and glycine (Fletcher, EX., 
er a/., in Gfycine Neurvtrmmission^ Otierson, P.,aal.^ eds*. John Wil^ 
and Sons (1990); Johnson, J.W., era/., Namn 325:529 (1987)). 

The compounds of the presmt invention may be piepaxed as follows. 
A starting material for preparing S-aza and S-aza(N-oxy) analogs of 3- 
substituted 4-hydn)xydihydroquinolin-2-ones is 3-aniinopicolinic acid. 
3-Aminopicolinic acid can be prepared according to Nakadate et al. by 
HofmannieaTFangememof 2,3-pyridin6carboximide(CAem^ Phamu Bull. 13: 
113-118 (196S)). S-Substituted 3-aminopicolinic acid can be prepared from 

2- amino-S-substituted pyridine as shown in Schone I. Substitutions on the 
pyridine ring can be introduced by employing the an>n^riate substituted 3- 
aminopicolinic acid. For example, chlorination of 3-aminopicolimc acid 
yields the desired 3-amino-S-chloropicoiinic acid. Alternatively, S-substituted 

3- aniinop^olinic acid is prq>aied from S-substituted 2,3-pyridinedicarboxylic 
anhydride. 
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Scheme I 




8 6 



wherein R« and R7 are defined above. In dits reacdm R7 is pr^srably one of 
hydn^en, m^yl, chloro, bromo, iodOt nitro, trifluoromechyi, carboxy^ 
carbamoyl or sulfonic acid and is piefmbly bydrogen. 

The general reaction schone for synthesizing the 5-<N-oxy)aza analogs 
of 3-substttuted 4-hydroxy-dihydroquinolm-2-ones is as follows: 
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wherein R7 and Rn are as defined above. In this reaction R« is preferably 
hydrogen, R7 is preferably either chlorine or hydrogen, and Rn is preferably 
benzyl, 4-<methoxybenzyl or 4-metho)^ni^oxybenzyK 

Alternatively, the N-oxide group may be introduced in an earlier stage 
of the preparation, such as shown in Scheme in. 
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Scheme in 




14 



wherein R, and Rj, are defined above. In diis reaction is i»efecably 
hydrogen. R, is prefetably hydrogen or chlorine, and R„ is prefiaably phei^l, 
4-nietfao>grphenyl or 4-iiiethoxyniedioxyphenyl. 

The genera reaction scheme for synthesizing die 5-aza(N-Qxy) analogs 
of 3-nitro-4-hydroxy-dihydroqiiinolin-2-ones or I,2,3.4-ietralordroquinoline- 
2,3,4-trione-3-oximes is as follows: 
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wherein R« and R7 are defined above. In Uiis reaction. R« is preferably 
hydrogen, and R7 is preferably hydrogen or dilorine. 

Alteniatively, the N-oxide gmap may be introduced in an eariter stage 
of the prq)aration, such as shown in Scheme V, 

5 Scheme V 
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The general scheme for synthesiziiig nitrone derivatives of quinoxalines 
is as follows: 

Scheme VI 




wherein R'^, RS, K\ and Rj, are as defined above for Fommla TV, 
X' represents chlorine or bromine, Y' represents a bord or — C(0)— « and R^ 
is as defined above for Formula le. 

Commercially available suhstimted phenylacetic acids are employed as 
starting material. They are converted into acyl chlorides* that in turn are used 
for acylation of the starting ei-nitro anilines to form open-chain amides. The 
open-chain amides are treated with a strong base, such as sodium hydroxide, 
in a water-pyridine mixmre to form phenyl nitrones, analogous to conditions 
used in Ahmad, Y. et aL, Tetrahedron 27:861 (1965). 

To prepare aldonitrones (R2 is H) or alkyl nitrones (Rj is C,^ alkyl), 
the starting nitroaniline is reacted with ethyl benzoyiacetate or alkyi substimted 
benzoylacetate ethyl ester reflectively, at a temperature of between about 160 
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and about 170^C. Tlie intermediate amide loses a benzoyl gnnq> under the 
€ycUzation conditions to give the compound of interest, as it was repotted for 
a stractund analog in Tennant, G.» J. ChenL 5ac.:2428 (1963). 

To prepare 3-cyano nitrone derivatives (Rj is CN), the startup 
S lutroaiiiline is reacted with cyanoacecyl chloride to form the open^ 

which is thereafter cydized. 

Ccmqxnmds having the formula IVb can be prepared similarly using 
phenylacetic acids beariqg the tautomeric fragment (R,) in protected form. 
Suitable ojQrgen and sulfur protective groups are well-known in the an. 
10 Compounds having the formula IVg can be prq>ared according to the 

following synthetic scheme (Scheme VU) based upon a scheme reported by 
Martin and Volodarskii, Izv. Akad. Nauk SSSR. Sen Own. (6j:1336 (1980). 

Scheme VII 




31A 



Wherein RS and R', are as defined above for Formula IV and 

RaCOQ is an electrophilic acylating reagent. 

Methyl nitrone (29), as prepared above, is dq)n)tonated with an excess 
of LDA (lithium diisopropylamide) to provide a resonanoe-subilized anion. 
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that is then allowed to react with an electrophilic acylating reagent G^COQ) 
to afford a nitrone compound having an acylmethyl moiety in die position. 
Alternatively* the resonance-stabilized anion may be allowed to leact with 
R,ONO or R.ONO2 to give an oxime or — CHjNOj, respectively. R, is 
5 defined as above for formula IVb. 

Schraoie Vm describes the synthesis of the «nfft P"»*^iafr 
quinoxaline-aldonitrone 34. Acylation of an o-nitio aniline 32 with ethyl 
benzoylacetaie gives q)en-chain o-niopoanilide 33. This compound is cyclized 
upon treatment with hot aqueous alkaline solution to give the nioxine 34. In 
10 these prq)arations a modification of the pn)cedure disclosed by Tennant, G., 

J. Chem. Soc.:2A2S (1963) was used. 

Scheme VIII 




Scheme IX describes the syntheses of quinoxaline phenyl nitrones 38« 
IS staniqg widi substituted phenylacetic acids 35. These acids were converted 

into zcyl chlorides 36, that were not isolated and purified. Instead, acyl 
chlorides 36 were reacted with c-nitroaniline 32 to give open-chain 
t?-nitroamlides 37. These compounds were easily separated from the starting 
reactants on the basis of their low solubility in ether. Cyclization of the 
20 compound 37 into nitrones 38 was achieved by treannent with base in 

water-pyridine solution, using a modification of the procedure disclosed by 
Ahmad, Y.etal., Tetrahedron 21:861 (1965). 
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Sckeme IX 




COOH. 



35 



ooct 




37 



Scheme X illustrates an alternative method of preparing phenyl nitrones 
(38). Aldonitxone 34 was treated with excess of a Grignard reagent to give 
hydroxylamine derivatives 39. These compounds were not isolated or 
purified, but were directly oxidized into targeted phenyl nitrones 38. 

Scheme X 



34 



ct 



OH 

\ 




H 



o 

4 



as 



wherein K\ represents phei^I or substituted phenyl. 

In Scheme XI hydroxyphenyl substimted nitrones of the IVb sub-class 
were prepared. Treatment of the methoxy-substimted phenyl nitrone 40 widi 
boron tribromide led to dimethylatton to give the hydroxyphenyl substituted 
nitrortt 41. 
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Scheme XI 




To prepare the 8-aza(N-oxy) analogs, 2-amiiioiucotiiuc acid (available 
from Aldridi) is employed as a starting matmal. The 2-aininomcotinic acid 
is substimted for 3-aininopicolinic acid in the general syndiesis schemes shown 
above. The 6-aza(N-oxy) analogs may be prepared by substioitii^ 4-amino-3- 
pyridinecarboxylic acid for 3-aminqpicoltnic acid in die general synthesis 
schemes. The 7-aza(N-oxy) analogs may be prepared by substimtii^3-amiiK>- 
4-pyridinecaTboxylic acid for 3-aminopicolinic acid in the general synthesis 
schemes. Methods for preparuig the 4-amino-3*pyridinecarboxylic acid and 
3-amino-4*pyridinecarboxylic acid starting materials are taught in Hurd er aL , 
7. Org. Chem, 35: 1471 (1970), and Tsemg etaL, J. HeterocycL Chem, 9: 
1433 (1972). The diaza (N-oxy) analogs can be prepared by analogous 
methods. 

The N-oxides may be prepared by oxidation of the pyridine nitrogen 
by peracetic acid (Israel & Day, J. Org. Chem. 24:1455-1460 (1959)), or by 
oxidation with m-chloroperbenzoic acid (mCPBA) (Daines, et al., J. 
Med. Chem. J6:3321-3332 (1993)). Altemauveiy, the N-oxide may be 
introduced prior to cyclizing by reacting a pyridyl intermediate with 
methyl(trifluoromethyl)dioxu:ane. 

One of ordinary skill in the art would be able to synthesize 5-aza(N- 
oxy), 6*aza(N-oxy), 7-aza(N-oxy) and 8-aza(N-oxy) analogs falling within the 
scope of the claims in view of the disclosed reaction schemes and gemrally 
icnown organic syndietic techniques. 
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lBius» Oe psdssai kvention is directed tt> compomids Mviqg iugb 
bindiog to the glydses s!eoeptt>r aad low bissdi^g to the ftaisate ^ AMPA 
siS3SS. PsiKtteisIasr Gosiqx>uads of the mv^oai m&y Imw high satagosiist 
potency at the IcairaiDe, AMPA^ and quisqualate xecq^tms in addition to the 
glycine seceptKK*. Aocosdiqgto^pinesentinvmioa^dtiiosscon!^^ 
lail^ bindong to ^ gly^^ wospSBf es^bit a gil^cisig bis^Mng slSU^ of 
about 100 or less in a glycine bindis^ as^y. Paefembly, ine con3$K}@nds 
of the psesent iiavention essMbit a 1^ of 10 ^ os* less. Most pingfesably, ttes 
cossponsnds of the pxigsesit invention esdinibit a SC; of 1 (M or less. The 
coiQQ^ounds esdsibitihighbmdmg to the kates md AMFA sstDss if they esdaibit 
a Ki of about 10 fM of aess» espscially, 1 f&M or less in a bmme or AMPA 
binding assay. 

The psesent invention also s^lates to the discovei^ that ceinsain 5-aza-4- 
hydroxy-3-a£ylquinoline-2-ones have high afSnity for the glycine/NMDA 
cecqitor and have m vivo activiQr as an antkonvulsant in MIBS ^sperisnent in 
mice. For insianoe, S4Bzs-7*dio9n><4-hydKO^-3-<^ 
2Hone was found to have a K| of 5 nM in the glycine/NMDA rece^or and 
ED50 of 3 mg/kg as an anticonvulsant in a MES esq^riment in nuce. 

The present invention also relasies to die discovery ^t cemin 3- 
substimted-l,2-dihydroquinoscaline-2-one'4-oxides have faii^ afi^ty for the 
glycine/NMDA recqitor and have in wvo activity as an anticonvulsant in a 

ejqieriment in snice. For instance, 6,7-dBchlOTO-3-cyano-l,2- 
dihydroquinoscaiine-2-one-4-oxide was found to have an IC50 of 135 nM in 
[^EI]BCKA binding and an ED50 of 3 mg/kg as an anticonvulsant in a MES 
esqieriment in nuice. 

The glycine antagonist potency in vUro may be deteirmined using a 
l^LiM glycine-stimulated [^-MKSOl bis&diiqg assay. This assay takes 
advantage of the fact that the basiling of pH]-MK801 to the PCP receptor 
inside the pore of the NMDA channel is dq^ndent on the presence of both 
glutamate and glycine. In &e absence of glycine, but in the ptesence of 
glutanoate, fH]-MK801 cannot bind effectively to the PCP receptor, because 
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the NMDA channel xemains closed and access of pIQ-MKSOl to the PCP 
reoqicor inside the closed dbannei poze is severely restricted. 

The assay is conducted using ratfaiain mmbrane homogenates that are 
enriched in NMDA recqptozs. The membianes are piq>ared as follows. 
5 Frozen m brains (obtained ftom PeKFrea, Rogers* Adcansas) are 

homogenized in 15 volumes (w/v) of ice cold 0.32 M sucrose. The 
homogenate is spun at 1*000 xg for ten mmutes. Tbesiqiematant is collected 
and spun for 20 minutes at 44,000 xg. The pellet is su^nded in IS volumes 
of water (reladve to original btain weight). The homogenate is again spun at 

10 44,000 X g fOT twenty minutes* The pellet is resuspended in 5 volumes of 

water and the suspension is freeze-thawed 2 times. After the final thaw cycle* 
the suspension is brought to IS volumes with water and spun at 44,000 x g for 
twenty minutes. The pellet is resuspended in 5 volumes of ice-cold lOmM 
HEPES, and is titrated to pH 7.4 with KOH containing 0.04% Triton X-100. 

IS Membranes are incubated with the Triton/HEPES buffer at 37^C for IS 

minutes. The volume is then brought to IS with ice-cold 10 mM HEPES, pH 
7.4, and spun/washed duee times with spins of 44,000 x g between washes. 
The final pellet is suspended in three volumes of SO mM HEPES, pH 7.4 and 
the protein concenttation is determined with a standard dye-buoding protein 

20 assay (Bio-Rad, Ridmiond, CA). The suspension is stored at -SO^'C until 

used. Only HPLC grade water is used for all buffers and 
susprasions/washings. The extensive washings are necessary to remove as 
much endogenous glycine from the membrane preparation as possibte. 

On the day of the assay, the previously pxepsteA membranes are 

2S thawed and S mM Tris/HCl buffer, pH 7.4, is added to yield a fiiml protein 

concentration of 0.1S6 mg/mL. For bindiiig assays, 0.8 mL of membranes 
are pipetted into polypropylene tubes followed by 0.033 mL of IS. 1 ;cM S,7- 
dichlorokynurenic acid (DCK), 0.033 mL of 30.3 glycine in buffer (or 
buffer alone), 0.033 mL of 303 ftM glutamate in buffer (or for controls, 0.1 

30 mL ImM PCP instead of DCK/gly/glu), 0.033 mL glycine antagonist in 

buffer (or buffer alone) and 0.1 mL buffer containing 200,000 cpm pH]- 
MK801. Nonspecific binding is defined as the difference in binding that 
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ocms m ^ sbsewQ or pstssem:e of PCP (15ml coa^aoissstion: 100 fiM). To 
det^mnxfis ^ effect of 1 iM gSycme on ^ bwSmg of ('HJ-MISSOll* bomsd 
irsidiosicitavisy m ^ p@s^^ of 10 j£M gliuitsasmte sioss^ (15ml coiS£@Kasmiosii) 
is mbtma&& .fiom the boisad sadioactivi^ m the psesesce of both 10 fM 
5 glmmm m&l §M glycss^ (15ml ooKiosotssaiosi). A 500 eM oos^sot&aidoa 

(Tmi) of SJ-dkM^xtikymss^ This 
Goms^iixsitbxi of dse glycke ssiSagossist DCK ''boffess*' most of dbe sesidossil 
@ii2dog@Kioias glycme d&at is sot Ei@Qiov@dl by ^ e:sstss^v© ^Ts^bsssg sfi^ that 
ssse eamssi oiE dnioqg she msmbmi^ ^fs&psmim psooetog. Thg 500 ^sM 

10 DCK doss floit isssssS&s& the stisBidsLtftCHi of p]^-MK801 bistding Oiat is 

effected by ^ additaossi of 1 jxM exogenous glycine. 

Tbi^ assays insie incubad^ for 120 mismies m room tens^^eirsieuire alRier 
wMch time the membrm^boisiflid rsidioactivity is isolatied fsom the fs^ 
mdiosicdvity by vsnomm flltirsition throuigh WMsmasi glsss fib^ fllt^ that hsid 

IS pres^ted with 0.3% polyethyleiQeimis^. Filtration is sccon^lished 

ming SI Brandel 48 well cell hMvester. Filtes^d membranes sure wasbM th^ 
tisBies with 3 mL eadn of ice cold b^jfer. Filters are transferred to scintillation 
vials and 5 mL of scintillation co^asdl is added, lie vials are shaloen 
ovesnigM and the radioactivity is counted by licpiid scintillation spectroscopy* 

20 The assays are done in tr^licase and all experiments are conducted at least 

three times. 

Inhibition dose re^nse curves are constructed using in^easiqg 
conoesttrations of glydne antagonists from 5 nM to 330 (M. IQo vataes are 
deteraimed for compounds active in inhibiting 1 /M glycine-stinmlaled [%Q- 

25 MK801 binding by conputer-assisted plotting of (Ote inhibition curves and 

intespolation. When con^unds are found to inhibit glycine-stimulated 
MK801 binding, experiments are conducted to detemnine whstber tiie 
inhibition of the glydne-stimulated [^H]-MK801 binding is indeed mediated 
at ^ glycine binding site of the NMDA recq)tor. In t&^se experiments, a 

30 fixed concentration of asitagonist sufficieKU to produce a >9S% inhibition of 

the 1 glycine-stimulated [^H]-MK801 binding is incubated with the 
membranes without any additional glycine (above 1 §jM} and in the presence 
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of increasix^ concentrations of additional gtycix^ (2 fcM id 1 pM). If tbe 
inhibition of f H]*MK801 binding by the drag in die presence of 1 |cM glycine 
is fully reversed by adding increasing concentrations of glycine, then tbe 
inhibition of pH}-MKK)l binding is mediated by the drug acting as an 
antagonist at tbe glycine bindmg site of the NMDA receptor. 

Ato constructing inhibition dose refuse curves and detecmination 
of glycine xev^bility, Ki values for the glycine antagonists are calculated 
usiqg tbe Cheng and Prusoff equation enqilpying the esqwnmentally 
determined ICso values, the known concentration of glycine in the assay (1 
fiM) and die known affinity of glycine for the glycine binding site of tbe 
NMDA receptor (100 nM). 

The same rat brain membrane homogenates used for the 1 fM glycine- 
stimulated pH}-MK801 binding assay are used for tbe pH]-AMPA radioligand 
biiKling assay. On tbe day of the assay tbe frozen membranes (prepared as 
described above) are diawed and diluted with 30mM Tris/HCl buffer 
containing 2.5 mM CaCl^ and 100 mM KSCN, pH 7.4, to yield a final 
membrane concentration of L25 mg/mL membrane protein. For the binding 
assay, 0*8mL of membrane homogenate is added to polypropylene tubes 
followed by 0.033 mL drug and 0.067 mL buffer (or for controls by 0.1 mL 
buffer alone) and 0. 1 mL buffer containing 200.000 cpm of pH]-AMPA. The 
assay is inctduted for 30 minutes on ice. Bound radioacdvity is separated 
fmm free radioactivity by filtration over Whatman glass fiber filters (pre- 
treated widi 0.3% polyediylenehnine) usiqg a Brandel 48 well cell harvester. 

Filtered membranes are washed three times widi 3 mL each of ice cold 
buffer. The filters are transfened to scintillation vials and 5 mL of 
scintillation cocktail is adcted. The vials are shaten overnight and 
radioactivity is counted by liquid scmtillation qiectroscopy. Nonspecific 
bmding is determined by die radioactivity that remabs bound to the 
membraMs in the presence 10 mM glutamate. Inhibition dose response curves 
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am coQs&n&csed by sidding igiczsasiag coooeimdoais of dlmg finom 10 taM to 
100 iM. 

Hie sdiooe membme p^spamdora as tlistt m@d for ihe f HJ-AMFA 
tnndlisig assay noay be meA for die pHJ-kaisiaie radioUgaM biaidisig assay* On 
die day of die as^y die frozen mt brain menoibirasses daa^fsd and S mM 
Tm/KCl bisfSss^ pE 7 A is added to y&eld a final oonoem&nadon of 0.5 mg/mL 
mgmbsane proidn. For die binding assay, 0.8 mL of m^soibiians bomogenase 
is addsd no ipolypopyflene aibes followed by 0.033 mL dmg m& OMl mL 
-bttiSfer <or for comsols by 0.1 mL buffer aloK) and 0.1 mL biaSfer consasnaqg 
200,0110 epm of |pH]-&ainate. The assay is inci&bas^ for 2 bows on soe. 
Bound radsoaeaivity is s^arased fiom free radioaed^ty by Mtzicsidon over 
Whamsan glass fiber filters (pretreated with 0.3% polyednyleneimme) \img a 
BrmM 48 well €ell barvesaer. Filtered membranes are washed tege times 
widi 3 mL each of ice cold buflPsr. The filters are transferred to scintilladon 
vials aM 3 mL of scimilMon cocktail is added. The viaSs are shaken 
ovemighi and mdioactivity as comt^ by M<pdd scintilladon sp@csso^py. 
Nonspecific binding is determined by the radioacdviQ^ that remains bound to 
the membranes in the presence 10 onM glutamate. Knhibidon dose response 
curves are constmcted by adding increasing concemsattons of drag from 2S0 
nM to 330 fiM. 

The binding affinities at NMDA receptor glycine sites also were 
estimated by electn^hysiological assay either usiqg cloned rat NMDA 
rec^tt>rs expressed in Xenopus oocytes, or non-NMDA receptois esq^ressed 
in oogrtes by ^ole rat brain poly(A)^ RNA. See U.S. Application Serial 
No. 08/148,259, filed Nov. S« 1993. values were estimate by assuming 
competitive isddbition and assaying si^^pression of membrane current 
responses elicited by fixed concentrations of agonist: 1 mM glycine and 100 
mM glutamate for NMDA receptors: 20 mM kainic acid for non-NMDA 
recq)tors. For NMDA receptors K^s were approximated by averaging values 
at diree subtype combinadons (NRIA / NR2A, NRIA / NR2B, and NRIA / 
NK2C). 
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The m^olytac sictivity of aoy pardcidar oompouiod of i&e ps:tgseat 
invesition cm be detennined by me of assy of tte stgcogmzsd al^lmfj tft^^ models 
for asmcQf. A preferred moM is desraibed by Jogsss, BJ., ei al., Br. /. 
PtmimcoL 95:985-993 (1988). This model mvolves adBSuaSst^iag (the 
5 ooss^muid in question to mios ttbat hsive a high basal level of ansdety. The 

test is based on diie findiqg ^ such mice find it aversive when taten fiom 
a 6axk home environment in a darlc testisig room and placed in an as@a painted 
white and brightly lit. TbB test box has two conopamnents, one white and 
bristly illuminated and one blade and non-illuminated. The mouse has access 

10 to both conipasiments via an opening at floor level in the divider between die 

two con^artments. The mice are placed in the center of ^ brightly 
illuminated area. After locating the opening to the dark area, the mice are 
free to psss back and forth between the two compartments. Control mice tend 
to spend a larger pr<^ortion of time in the dark compartment. When given 

15 an ansiol3^c agent, the mice spend more time e^loring the more novel 

brightly lit compartment and ©sthsbit a delayed latency to move to the dark 
compartznent. Moreover, the mice treated with the an?sioi3ftic agent exhibit 
more behavior in the white compartment, as measured by explosatorjr searings 
and line crossings. Since the mice can habimate to the test situation, naive 

20 mice should always be used in the test. Five parameters can be measured: the 

latency to entry into the dark compartment, the time spent in each atea, the 
number of transitions between compartments, the number of lines crossed in 
each compartment, and the number of rears in each compartment. The 
administration of the compounds of the present invention is expected to result 

25 in the mice spending more time in the larger, brighdy lit area of the test 

chamber. 

In the light/dark exploration model, the anxiolytic activity of a putative 
agent can be identified by die increase of die numbers of line crossings and 
rears in the light compartment at the exp<»ise of the numbers of line crossings 
30 and rears in the dark compartment, in comparison with control mice. 

A second preferred animal model is the rat social interaction test 
described by Jones, BJ. et aL, supra, wherein die time that two mice spend 
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m sodd imersiciion is quai^^ The asuuolyttc activi^ of a putative ag»t 
can be idemified by &e incsease in the time that paiss of male rats spend in 
active social inseraction (90% of the bdiaviors are investigatory in ratma). 
Both ttbe fiuniliaiiiQf and the li^t levd of ithe test asena can be nianipulased. 
5 Undff^gged rats d&ow the M^itest IwA of social interaction when the test arena 

is &miiiar and is lit by low light Social interaction declines if the arsna is 
BsnSsindliar to the rats or is lit by bri^t light. Ansdolytic agents prevent this 
decline. The overall level of motor activity may al^ be measured to allow 
detection of dmg effects spacific to social behaviors. 

10 The @f!icacy of the gSyciio^ mi e^i^tosy asnifiso acid antagonists ^ 

inhibit gliatsimate nensotoxicity in a m brain cortex neuiirBn ceil cultm:^ system 
can be d^rmined as follows. An emtoto^iQf model modi^d after that 
developed by Choi (Choi, /, Nemosdmce 7:357 (J987)) can be issed 
to test anti-esscitotoxic efficacy of the glycine and esscitatoiy amino acid 

15 antagonists. Fetuses Ifrom rat eisdssyomc day 19 are rei^ 

pregnant rats. The brains are semoved from die fetnses and die cerebral 
cortege is dissected. Cells ftom Ae dissecsed cortex ars dissociated by a 
combination of mechanical agitation and enzymatic digestion according to the 
method of Landon and Robbins (Methods in Enzymology 124:411 (1986)). 

20 The dissociated cells are passed through an 80 micron wmi screen and the 

viabili^ of the cells are assessed by Tiypan Blue. The cells are. plated on 
poly-D*lysine coated plates and incubated at IT'C in an atmo^here containing 
91% 02/9% CO2. Six days later, IfMoro^-uiracil is added for two days to 
suppress non-neuml cell growth. At culture day 12, the primary neuron 

25 culmres are exposed to 100 ^ glutamate for 5 minutes with or without 

increasing doses of glycine and excitatory amino acid antagonist or other 
dmgs. After 5 minutes, the cultures are washed and incubated for 24 hours 
at Tl^C. Neuronal cell damage is quantitated by measuring the lactate 
dehydrogenase (LDH) activity that is released into the culfiure medium. The 

30 LDH activity is measured according to the method of Decker & al (Decker 

&al.^J. immmol Meihods J5:16 (1988)). 
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The anticonvulsant activity of the glycine and excitatory amino acid 
antagonists can be assessed in the audiogenic seizuxe model in DBA-2 mice 
as follows. DBA-2 mice can be obtained from Jackson Laboiatories, Bar 
Haibor* Maine. Tliese mice at an age of <27 days dwdop a tonic seizure ' 
within 5-10 seconds and die when they are o^osed to a sound of 14 kHz 
(sums wave) at 110 dB (Lonsdale, D„ JDw. PhamacoL Then 4:28 (1982)). 
Seizure protection is defined whn animals mjected with drag 30 minutes prior 
to sound eq)osure do not develop a seizure and do not die Amng^ a 1 fnmtif<> 
exposure to the sound. 21 day old DBA-2 mice are used for all experiments. 
C<»npounds are given mtraperitoneally in either saline^ DMSO, or 
polyethyleneglycol-400. Appropriate solvent controls are included in each 
experiment. Dose response curves are constructed by giving increasing doses 
of drag from 1 mg/kg to 100 mg/kg. Each dose grouqp (or solvent control) 
consists of at least six anunals. 

The anticonvulsant efficacy of the glycine receptor antagonists can be 
assessed in the pentylenetetrazol (PTZ)-induced seizure test as follows. 
Swiss/Webster mice, when injected with SO mg/kg PTZ (i.p.) develop a 
minimal clonic seizure of ^proximately 5 seconds in length within 5-15 
minutes afler drag, injection. Amiconvulsam efficacy of a glycine/excitatory 
amino acid antagonist (or other) drag is defined as the absence of a seizure 
when a drag is given 30 minutes prior to PTZ application and a seizure does 
not develop for up to 45 minutes following PTZ administration. Glycine/ 
excitatory amino acid antagonist or oAer drags are given intrq>erironeally in 
either saline; DMSO, or polyediy leneglycol-400. .^>pRq>riaie solvent controls 
are included in eadi experiment. Dose response curves are con^ructed by 
giving increasiiig doses of drag from 1 mg/kg to 100 mg/kg. Each dose 
group (or solvent control) consists of at least six animals. 

The efficacy of glycine/excitatoiy amino acid antagonists to protect 
mice from NMDA-induced death may be assessed as follows. When mice are 
injected with 200 mg/kg N-mediyi-D-aspartate (NMDA) i.p., the animals will 
develop seizures followed by death within 5-10 minutes. Glycine/excitatoty 
amino acid antagonists are tested for their ability to prevent NMDA-induced 



W09A2299e 



pcryus9s/ifiS75 



-69- 

death by giviqg the drugs i.p. 30 miimtes prior to the NMDA a]q)lication. 
Glycine/excitaioiy ammo acid ants^nist or other drugs are given 
intraperitoneally in either saime, DMSO, or polyethylraeglycol-400. 
^ypropriatesolvtttt controls are included in each experiment. Dose response 
5 curves ate constructed by givii^ increasing <toses of drug from 1 mg/I% to 

100 mg/kg. Eadi dose group (or solvent control) consists of at least six 
animals. 

The anticcmvulsant activity of the glycine antagonists may be assessed 
in the maximum electrodiock-induoed seizure (MES) assay in mice. 

10 Electroshock was applied to male SwissAVebster mice (20-30 g, Simonsen) 

through corneal electrodes (Swinyaid, in Anticonvuisant Drugs, 

Mercier, J., ed., Pergamon Press, Oxford (1973). pp. 47-65). The seizure 
stimulus parameters were: 50 mA, 60 Hz, rectangular pulse, width 0.8 msec, 
duration 200 msec. Tonic hind limb extension observed after application of 

15 the electrical stimulus was recorded as occurrence of seizure. The drug was 

applied i.v. as an aqueous basic solution. 

A series of dtfferem evaluations can be conducted on doses of the 
glycine/excitatoty amino acid anta^mists of the invention to determine the 
biological activity of the compoumis bodi ui normal gerlnls and in animals 

20 exposed to 5 minutes of bilateral carotid occlusion. Scheme XII. 
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Tbese studies aie conducted in animals who are conscious and have no 
other phannacological agents administezed to them. Gerbils are 
preinstnunented 48-hours prior to ischemia to allow for the complete 
elimination ofthe pentobarbital anesih^ that is employed. When tested with 
5 drugs, animais are given IP iigecdons of tte glycine/excitatoiy amino acid 

antagonist or vehicle. In die case of nultiple mjecdons, ammals are given IP 
mjections 2 hours apart and the final hijecdon is given 30 minutes priw to the 
ischemic period, or, hi the case of post treatment, the anhnab are given 
injections at 30 mmutes, 2 hours, 4 hours, and 6 hours post-ischemic 

10 reperfiiston. 

In order to assess the direct pharmacological activity or potential 
activiQr of the glycine/excitatory amino add antagonists, naive gerbils are 
mjected with either saline or differing doses of the antagonist. The behavioral 
changes are assessed \isvDg a photobeam locomotor activlQr chamber, which 

15 is a two foot circular diameter arena with photobeam de^tion. Animals are 

individually placed in the 2 foot diameier chambers. The chambers are 
housed in a closed cabinet and noise is abated using both a background white 
noise genmtor and a fan. Animals are placed m ttiese chambers in the case 
of the initial pharmacological evaluaticm for a period of 6 hours and the total 

20 activity during each successive hour is accumulated using computer control 

systems. 

Saline results in an initial high rate of activity, with the control animals 
showiiQ a first hour activity level of about 1600 counts. This level of control 
activiqr is typical for die gerbil under these experimental conditions. As the 

25 session progresses, animals decrease their exploratoiy activity and at the 

tenninal period the activity declmes to about 250 counts per hour. It is 
expected that the glycine/excitatory amino acid antagonists of the present 
invention will have no significant effect on either the mitial exploratory rate 
or the terminal rate of exploration. 

30 In a next phase of the evaluation of the glycine/excitatory amino acid 

antagonists, gerbils are pretreated with varying doses of the antagonists and 
then exposed to a five muiute period of bilateral carotid occlusion., Followiiig 
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tltee initiation of rep&ctssion, anmsais ^ placed into she circul&f locomotor 
activity testang ^pasatas and the activity at the beginning of the fim hour 
foUowiqg cepefjnsion is momioied for the subsequent four hours. 

Control anisnals not escposed to ischenm and given is^ections of saline 
prior to being placed in the loconnotor activity chamber show a diaracimstic 
pattern of activiQr that, in die first hour of locomotor activior^ is substantially 
higher ttsan duriiig all other hmrs and prog^nessively declines over four hours 
to a very low value. In conixast to die progiressive decline in activity over the 
four hour testing period, control aninialls that are esqiosed to five minutes of 
cortical ischemia demonstiate a completely different patiem of locomotor 
activity. Dmisg die first hour, there is a significant decline in activity, 
followed by a progressive increase in which the activity during the fourth hour 
is ten-fold higher than that demonstrated by animals not exposed to carotid 
occlusion, inbese results are Qrpica) and asie a reliable result of the alterations 
caused by five minutes of bilateral carotid occlusion in the gerbil. 

Separate groups of geirbils are prd:?sated with tS^ glycine/ejccitatoiy 
amino acid antsigonists of the invention 30 minutes before the onset of carotid 
occlusion and then placed into the locomotor activity following one hour of 
reperfission. It is expected that pretreatment of the gerbils with the glycine/- 
excitatory amino acid antagonists of the invention will prevent both the post- 
ischemic decrease and increase in activity. Post-ischemic decreases in activity 
are expect to be near zero during tise first hour following reperfiisBon. 
Pretreaiment with the glycine/exditatoiy amino add antagonists of the 
invention is expected to roduce m prevent this early depression of behavtor. 
In addition, the glycine/excitatory amino add antagonists of die invention are 
expected to prevant die post-ischemic stinsulation of behavior. 

Subsequent to completion of the single dose preoeamient evakoations, 
gerbils are also evaluated widi multiple injections of the glycine/exdtatory 
amino acid antagonists of the invention. Doses are administered LP. at 6 
hours, 4 hours, 2 hours, and 30 minutes prior to the onset of 5 minutes of 
. ischemia. 
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At 24 horns, ail ammalls are evaiyst^gd for dsffersssces m pa^liisg 
b^vsor mmg a 8-arm mlial tmzQ. Jn Ms ps^ssdtare, ammals axe placed 
ixsK) the center siajTt diiaml^ 

of ssa^ aod ^ oumter of simes the asikml ssiakes an error seeosded prior 80 
coQq>IeEaon of ^lorataon in an 8 amas of the maze. Asi ^nPor is defli^ as 
the revisitiqg of anann by an anmal entering to the escfieM of the eotsse body 
without including its tail. If &sq animal p^rseveses or faiils so leave the asm 
for lot^ than five sninutes, the session is temdiMted. M the craecol 
pq»talataon of the anissxals, the ni^ssibsr of errors and exploration of &q snase 
with no prior e3qiserien9e(BKiive) as approj^^ This is an average 

vahie for an N of 28 gerbils. Following 5 mismtes of bilateral carotid 
occlusion asd testing at 24 hours, geibils make an average mmber of ersors 
of 21. When animals are ptemmA with the glydne/ejccitatoay amino acid 
antagonists of the invention, there is expect to be a significant seduction in 
the nmnfasr of errors made. Ihereisalsoejqjsc^sd tobeasignifficamsparh^ 
of the b^vioral changes that are induced in the radial arm ma^ 
performance. 

It is also es^pected that post tieatment with the glycine/excitatoiy amino 
acid antagonists of the invention will reduce Oe short tmn memoiy 
nnpaismem 24 hours post ischemic/ingp^riiusion. 

The effects of 5 minuses of bilateral carotid occlusion on neuronal cell 
death in the dorsal hippocampus may be evaluated in animals 7 days afiier 
ischemia r^rfiision injury. Previous studies have demonstrated that neuronal 
degeneration b^isss io occur around 3 days foUowiqg oeseteal ischemia. By 
7 days, those neurons that have been affected will undergo cytolysis and have 
either completed degenesation or are roadiBy appasent as dark nuclei and 
displaced nuclei or as cells wiiAn eosimphilic cytc^lasm and pycnotic nuclei. 
The lesion with 5 minutes of ischemia is essentially restricted within the 
hippocanqms to the CAS region of the doi:sal hippocampus. The intermedial 
lateral sone of the horn is unaffected and the dentate gyrus and/or cells in 
CA3 do not show pathology. Gerbils are anesthetized on day 7 following 
ischemia with 60 mg/lqg of pentobatbital. Brsuns are perliused transcardiac 
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with ice-cold saline foUowed by buffered parafonmideliyde (10%). Btsm^ siEe 
reonoved, inobedded and secticms made. Secsioos sse ssaisied wicb 
hemasas^yllisx-eosmaad Qemroaal cell counts ase detemussd isEtemss of aumb^ 
of neuronal duclei/100 micsomesera. Nomial control animals (not e^iposed to 
ischemia vep^fu^on injusy) will not demonstraifie aqy significanit chas^ in 
noimal density nucld within this fi^icm. Esqx)suiie to five minutes of bilateral 
casrotid ocdusion results in a sigmficant mhsctton in the number of nuclei 
present in the CAl r^ion. In general, this lesion results in a patdtxy nscrosis 
iasfisad of a confluent necrosis viMch is seen if 10 minutes of ischemia is 
en^loyed. Ftetreatment wish the glycine receptor antagonists of Ae invention 
are enpectisd to produce a significant protection of hippocasspal neuronal 
degeneration. 

It is ksi^wn that NMDA rsceptors are critically involved in the 
development of persistent pain following nerve and tissue injusy. Tissue 
injury, such as, that caused by injecting a small amount of formalin 
subcutaneously into the hindpaw of a tsst animal, has bsgn shown to produce 
an innmediate increase of glutamate and aspartate in the spinal cord (Stalling, 
S.R., e( at., J. NemvscL 10:1309-1318 (1990)). Administration of NMDA 
receptor blockers reduces the response of spisud cord doraal horn neurons 
following formalin injection (Diclcenson and Aydar, Neurosci Lea. 121:263- 
266 (1991); Haley, LE., et€d., Brmn Res, 57&218-226 (1990)). These 
dorsal horn neurons are critical in carrying the pain signal from the spinal 
cord to the brain and a reduced response of these neurons is indicative of a 
reduction in pain perceived by the test animal to which pain has been inflicted 
by suboitaneous formalin injection. 

Because of the observation that NMDA receptor antagonists can block 
dorsal horn neuron response induced by subcutaneous formalin injection, 
NMDA receptor antagonists have potential for the treatment of chronic pain, 
such as, pain caused by surgery or by amputation (phantom pain) or by 
infliction of other wounds (wound pain). However » the use of conventional 
NMDA antagonists, such as, MK801 or CGS 19755, in preventing or treating 
chronic pain is severely limited by the adverse PCP-like bdiavioral side 
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effecss that aire raassed by It is esqpected tlmt ttae glydoe see^itor 

amagmists that are die subject of this iavesitaon will be MgMy ^fifectsve k 
pxtsveQtiqg cbsossc pain in ssiice induced by iqectiqg fomsalm snabcutaneously 
into tbe hindpaw of the annmls. Because tfse gtycmc/esdsatosy asdno add 
antagonists of this invention are espect^d to be free of PCP-lite side efi&cts, 
these dniigs are M&dy useful in preventing or treating ckosuc pam without 
causing PCP-lilQe adverse behavbial side effects. 

The e^cts of the glycine receptor antagonists of the pioas@nt invention 
on chronic pain can .be evaluated as follows. Male Swiss/Webster mice 
weighing 25-35 grams are housed five to a cage with feg© access to IFocd and 
water and are maintained on a 12 -hour light cycle (light onset at OSCOh). The 
glychs® receptor antagonist is dissolved in DMSO at a concentration of 1=40 
and 5-^ mg/mL, respectively. DMSO is used as vehicle control. Alldraags 
are injected intraperitoneally (l^&l/g). The fomnalin test is performed as 
described (Dubuisson and Dennis, Pain ^:H16M74 (1977)). Mice are 
observed in a ple;^iglass cylinder, 25 cm in diameter and 30 cm hi height. 
The plantar sur&ce of one hindpaw is mjected subcutaneously with 20 id of 
5% fomnalin. The degree of pain is detmnined by measiaring the amount of 
time the animal spends licking the fonnalin-injected paw during the following 
time intervals: 0-5 ' (early phasje); 5 '-10', 10'-15 \ and 15 '-50' (late phase). 
To test whether the glycine/excitaiOEy amino acid antagonists prevent chronic 
pain m the test animals, vehicle (DMSO) or dnigs dissolved in vehicle at 
doses of Img/Ecg to 40mg/l(g are injected intraperiu>neaUy 30 minutes prior to 
the foimalm injection. For each dose of drog or vehicle control, at least six 
animals are used. 

Compared to vehicle control, it as expected that the intraperitoneal 
injection of the glycine receptor antagonists 30 minutes prior to formalin 
injection into the hiidpaw will significantly mhibit formalin-induced chronic 
pain in a dose-dependent manner as determined by the reduction of the time 
spent licking by the mouse of the formalin mjected hindpaw .caused by 
increasing doses of glycine/excitatoty amino acid antagonist. 
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Compositions mMn the scope of this invention include all composi- 
tions wherein the compounds of the ps:esem invention aire con^idned in an 
amoum that is effective to achieve its intended purpose. While individual 
needs vaiy, detesmnation of optimal ranges of effective amounis of each 
craq>onent is with the skill of the an. Typically, the oosnpounds imay be 
administeced to mammals, e.g., humans, orally at a dose of 0.0025 to 50 
mg/kg^ or an equivalent amount of the phannaoeutically acceptable salt 
theteof , per day of the body weight of the mammal being treated for amdeQ^ 
disorders, e.g., generalized amdeQ^ disorder, phcAic disorders, obsessional 
compulsive disorder, panic diswder, and post tramnatic sttess disorders. 
Preferably, about 0.01 to about 10 mg/kg is orally adsninistered (Do treat or 
prevent such disorders. For intramuscular irgection, the dose is generally 
about one^half of the oral dose. For example, for treatment or j^^ention of 
anxiety, a suitable intramuscular dose woiild be about 0.0025 to about 15 
mg/kg, and most preferably, from about 0.0! to about 10 mg/1^. 

In the method of ttireatment or prevention of nmonal loss in isdiemia, 
brain and spinal cord trauma, hypoxia, hypoglycemia, and surgery, as well as 
for the treatment of Alzheimer's disease, amyotrophic latsral sclerosis, 
Huntington's disease, and Down's Syndrome, an a method of treating or 
preventing opiate tolerance, or in a method of treating a disease in which the 
pathophysiology of the disorder involves hyperactivity of the excitatory amino 
acids or NMDA rec^tor-ion channel related wurotoxidty or psydiosis, the 
pharmaceutical compositions of the invention can comprise the craipounds of 
the present invention at a unit dose level of about 0.01 to about 50 nig/kg of 
body weight, or an equivalent amount of the pharmaceutically acceptable salt 
thereof, on a regimen of 1-4 times per day. When used to treat chronic pain 
or to induce anesAesia, the compounds of the inventira can be administered 
at a unit dosage level of from about 0.01 to about 50mg/l!% of body weight, 
or an equivalent amount of the pharmaceutically acceptable salt thereof, on a 
regimen of 1-4 times per day. Of course, it is uixlerstood that the exact 
treatment level will depend upon the case history of the animal, e.g., human 
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1b@mg« tMt is tires^. Tti& ps&dse ts^mmsL level em 1b@ dstemmed by om 
.of osdsmry sksll k the ast without imdEe es^esimeMsiixosi. 

Tbe imit oi:&l dose casi cosa^dse fzom about 0.01 to about SO mg, 
]!»i5ferably about 0.1 to about 10 sag of the 001^ Tbe usiit dose can be 
5 adsssmSsfi^^d om or moire tSmes daily as om or looote tablets each coiBtaiasQg 

fsom about 0.1 to about 10, conveniently about 0.2S to SO, mg of the 
CQompoutui or its solvates. 

In addsdon to adnmnstedng the conqsound as a raw ch^cal, the 
cosnpounds of the mventBon can be adnnksstesed as part of sl phassoaceutical 

10 ]pr^)a]j:seion consainmg suitable pteisaci^xticallly accep^ble cam^ coas^risi^g 

eiscipiesnis and atimliasies that l&ciiitaEe prtt^cessing of the cons^us^dis into 
pst^amtsons that can be u^ phamaceut&callly. F&eferabEy, the pEt^mations» 
partdoaiarly those psepasations shat can be administer^ omUy that can be 
ossed for the prafermS type of adminssstx^tion* such as, ^le^, dragees^ and 

IS cspsules, and psepasmtlons that can be adsninistered n^cially, such as, 

si^sposasories, as weil as suisabDe solutions for adsniinisdn^tnon by injection or 
orally, contain from about 0.01 to 99 percent, preferably from about 0.2S to 
7S pescent, of active compound(s), tt)getbar wids the esccpent. 

Also included within ttie scope of tite present invention are die non- 

20 toxic pharniaceojiticatty accqstable salts of the compounds of the present 

invmtion. Basic salts arg formed by rnisdog a' solution of a panicular 
compound of the present invention with a solution of a pharmaceutically 
aco^table non-toxic base, such as, sodhun hydroxide, potasskim t^dioxide, 
sodium bicasbonaie, sodium caibonate, or an amino compound, such as, 

2S cholme hydroxide, Tds, bis-IMs, N-mechylglucamine, aE^Mne, w& the like. 

Sse. U.S. Application Serial No. 08/148,268, supm. 

The pharmaceudcal compositions of tte invmtion can be administered 
to any animal that can experience the beneOcial effects of the con^K)unds of 
the invention. Fozemost among such animals are humans, although the 

30 invention is not intended to be so limited. 

The phaxmaceutical con^sitions of the presem invention can be 
admixdstered by any means that achieve their intended purpose. For example, 
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administration can be by paimcral, subcutaneous, initavenous, inoamuscular, 
intraperitoneal, transdennal, buccal, or ocular routes. Alternatively, or 
concurrently, administration can be by the oral route. The dosage 
administered will be dqiendent upon the age, heaidi, and weight of the 
5 recipient, kind of concurrent treatment, if any, frequency of treatment, and the 

natiue of die effect desired. 

When the conqxuitiras of ttie invention are admmistered ocularly , one 
may achieve either local or ^stemic administration. For example, the 
compositions of the present invention can be administered intAe fbnn of eye 
10 diops that are substantially isotonic with tear fluid to achieve systemic 

administration. Preferably, such compositioos will also comprise a 
permeation-enhancing agent, which aids die systmiic absorption of the 
ctmpounds of the present invention. See, U.S. Patent No, 5,182,258. 
Alternatively, the compositions of the invention can be administered ocularly 
15 to treat or prevent optic nerve degeneration. In this embodiment, the 

compounds of the present invention are administered m the form of eye drops, 
as disclosed above, or can be injected into the vicinity of the optic nerve. In 
the alteinative, thin ocular implants can be employed, which slowly release 
the compounds of the present invention. 
20 In addition to the pharmacologically active compouiuis, the new 

pharmaceutical prqiarations can contain suitable pharmaceutically acceptable 
carriers comprising excipients and auxiliaries that facilitate processing of the 
active compounds mto preparations that can be used pharmaceutically. The 
pharmaceutical preparations of the present invention are mahufacoired in a 
25 manner that is, itself, known, for example, by means of conventional mixing, 

granulating, dragee-makuig, dissolving, or lyophilizmg processes. Thus, 
pharmaceutical prqiarations for oral use can be obtained by combining the 
active compounds with solid excipients, optionally grinding the resulting 
mixmre mi processing the mixnire of granules, after adding suitable 
30 auxiliaries, if desired or necessary, to obtain tablets or dragee cores. 

Suitable excipients are, in particular, fillers such as saccharides, for 
example, lactose or sucrose, mannitol or sorbitol, cellulose preparations 
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mi/oT Gs^cmm phos^ms^ for esssrapte, tdcdctei pS&o^ii^. or calcima 
Sxydlrogea p&ospteig, as well ss bisdm, siiida aso steaela psas, isiag, for 
(^jsasx^le, mm^ starch, wlseat ssasdn, rice smsh, potato sesisdiii, gelatia, 
trsigacaoii, methyl ceUulose, hydroxypropylme^lceSMo^ sodium 
GS)^3cymeihylcdMose, ssM/ot polyvinyl pysroidose. If desised, 
dssiBBSegrating agents oan be added, mah as, ttfae above-saenitioiiied smsi^ and 
also easitosQfisii^fiQfl-sesu^ fflGss-liesked polyvi^l pysroMo^, agar, or algimc 
acid or a salt ti^reof , sisch as, sodiwi algteg. Ansdliasses as®, above all, 
flow-Ki^gidating agents and Mbrsesints, fwescan^le, sUka, flak, susmc add or 
salts ^b&smf^ sncb as, snagnssium stearate or cakimn mm^, and/or 
polyethylene glycol. Dragee coses ase provided sesstable coatings Hm, 
if desased, aste resistant to gas&ic jmices. For this pUBjqpose, concentrated 
saccliEaride sohstlons can be mad, wMch imay optionsilly contain §mx asabic, 
Sale, polyvinyl pymsKdoae, polyethyleES glycol, ansS/or tifiamuan dioxide, 
laogsner sototions and suritaMe OE]ganic solv^mts or solvent Si3i5s»gs, In order 
to pitadiisce coatings iresisttant to gasiiric juices, solntoons of smtable cellsslose 
psepasations, suzch as, aceayicelklose phtSiialate or hydsoxypttopylmeshyl- 
cellnilose pMhala&e, ate used. Dye stuif& or pigsnents can be added to the 
tablets or dragee coatings, for exampte, for identification or in orto to 
characterize combinations of active cmipoimd doses. 

Other jdiarmaceistical preparaticms which can be n^ orally inchide 
pnsh-fit capsules made of gelatin, as well as soft, sealed capsnles made of 
gdlatin and a plasticizer, such as, glycerol or sorbitol. The pissh-fit capsules 
can contain die acdve compounds in die form of gsanul^ that may be snixed 
with fitters such as lactose, binders such as starches, and/or hibrocants such 
as talc or snagnesium stesuiaie and, ^tionally, stabiSims. In soft cs^ssules, the 
active compoiands are preferably dissolved or suspended in suitable liquids, 
such as, fatty oils or liquid paraffin. In a«kiition, stabilizers may be added. 

Possible pharmaceutical pr^arations that can be used rectally include, 
for example, suppositories, which consist of a combination of one or more of 
the active compounds with a suppository base. Suimble suppository bases are, 
for example, natural or synthetic triglycerides, or paraffin hydrocarbons. In 
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addition, it is also possible to use gelatin rectal capsules, which consist of a 
combination of the active compounds with a base. Possible base materials 
include, for example, liquid triglyctt^, polyethylene glycols, or paraffin 
hydrocarbons. 

Suitable formulations for parrateral administration indude jupieous 
solutions of the active compounds in water-soluble foim« for example, water- 
soluble salts and alkaline solutions. Especially ineferred alkaline salts axe 
anunonium salts prepared, for example, with tris, ctoline l^droxide, bis-tris 
propane, N-methylghicainine. or axginine. In addition, suspensions of the 
active compounds as appropriate oily mjection susprasions can be adminis- 
tered. Suitable lipophilic solvents or vehicles include fiiitty oils, for example, 
sesame oil* or synthetic fatty acid esters, for exanq)le, ethyl oleate or 
triglyc^des or polyethylene glycol-400 (the compounds are soluble in PEG- 
400). Aqueous injection suspensions can contam substances that increase the 
viscosity of the suspension, for example, sodium carboxymethyl cellulose, 
sorbitol, and/or dextran. Optionally, the suspension may also contain 
stabilizers. 

The characterization of glycine binding sites in vitro has been difficult 
because of the lack of selective drug ligands. Thus, the glycine ligands of the 
present invention can be used to characterize the glycme binding site. 
Particularly preferred substituted and unsubstituted compounds that can be 
used for this purpose are isotopically or radiolabelled derivatives, e.g. , where 
one or more of die atoms are r^laced with ^H, "C, J^N, or "F. 

The following examples are illustrative, but not Ifanitii^, of the method 
and compositk)ns of the present mvration. Other suitable modifications and 
adaptations of the varied of conditions and parameters normally encountered 
in clinical tiierapy and obvious to diose skilled in the an are within the spirit 
and scapt of the invention. 
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Exattiplel Preparation of 5'Aza'7<hUmh4-hydnj^3^m'meAoxy- 
phei^l/guiiuOin^Z^ne (109) 



Z-Amino-S^MonhS-tUtmpyriOne (102) 
5 CoxicemiatBd HzS04 (97%« 300 xnL) was placed in a 500 mL 

three-neck round-bottom flask. The flask was equipped with an intexnal 
ttennont^r, a glass funnel and stopper, and placed in a salt/ice bath. When 
the internal tempmtuie xeacfaed 5*C, 2*anuno-5-cUoropyridine (101) (77.2 
g« 0.600 mol) was added over 1 h widi stixnng. The suspension was then 

10 stirred at room temperature to dissolve the rest of the solid. The resulting 

solution was heated to HNO, (70%, 40.S mL, d = 1.41, 0.634 mol) 

was added drppwise through an addition funnel as to maintain the internal 
temperature at S7 ± S^'C. The reaction solution was poured over ice (l.S 
kg)t and the resultiiig nuxture partially neutralized with 40% NaOH (--600 

13 mL). The mixture was filtered to leave a yellow/orange solid. This solid was 

washed by resuspension in water (600 mL). The mixmre was filtered, and the 
resulting solid was dried in the oven for 48 h to yield the tide compound as 
an orange/yeUow solid (66.3 g, 63.8%), mp 184-6'*C (Lit^ 1$0-3^C, 
Vaugban etal..J. Amen Chem. Soc. 7i: 188S (1949)); >H NMR (CDCI3): 6 

20 6.69 (bs, 2 H), 8.33 (d, J » l.S Hz, 1 H), 8.43 (d, J » 1.5 Hz, 1 H). 



2-Bnnuh^5'Chtoro^nitmpyrUUne (103) 

To a stinped, ice bath cooled solution of HBr (48%, 214 mL, d » 
1.49, 1.89 mol) was added 2-amuio-S-chloro-3-nitn)pyridine (2) (66.0 g, 376 
mmol). The mbcture was stirred until the internal temperamre was less than 
25 O^C, atKl then bromine (6S mL, d = 3.102, 1.3 mol) was added dropwise. 

The resulting orange mixture was stirred at a temperature below O^'C, A 
solution of NaNOj (91.3 g, 1.32 mol, used as received) in water (125 mL) 
was added slowly to the mixture so as to maintain the internal tenqierature 
below O^'C. The mixmre was stirred for an additional 45 min at below O^'C, 
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and then NaOH (139.3 g. 3.482 mol) in water (200 mL) was slowly added to 
the mixtuie to maintain the internal temperature below 20*>C. The mixtme 
was siiired at bdow 20*'C for an additional hour, and fbm gnviiy iiltexed. 
The recovered brown solid was dried at 2S*C undCT vacuum for 6 h. It was 
5 purifHsdby ieciystall2SttiQnfiom9S%ethanoltoobttdnl03asay^ow 

(46.0 g. 51.5%), mp 68-73«C (Ut., 75*C, Betrie a al„ J. Chem. Soc. 2042 
(1952)); »H NMR (CDCI3); « 8.15 (d, J - 2.1 Hz, 1 H), 8.57 (d, J = 2.1 
Hr. 1 H). 

5-Chtonh-3-nitroj^ealiiumitnle (104) 

2-BnHno-5-ddoro-3-niiropyridine (103) (6.0 g. 25 mmoi) was mixed 
with copper (I) cyanide (4.6 g, 51 mmol) in a 100 mL round-bottom flask 
having a condensor loosely plugged with cotton was attadwd. The fla^ was 
slowly heated in an oil bath. When the temperature reaches approximately 
150**C (takes 2 h), the reaction mass begins to nun black. When the reaction 
mass turned completely black, the pressure was reduced to approximately 1 
nun Hg by vacuum and the oil bath removed after 30 sec. (If the reaction 
goes too long, a vigorous reaction ensues, leaving little recoverable product.) 
The mixture was cooled to room tmqierature, and die sublimed solid (on the 
cotton) and reaction mass were treated widi hot aoetme (100 mL). The 
resulting mixmre was gravity filtered, and the modter liquor rota-evaporated 
to dryness to yield the erode title compound as a dark brown solid. This solid 
can be purified by column chromatography using 4:1 hexane-EtOAc (Rf = 
0.13). Purified 104 was obtained in 60% yield ovendl. mp 93-5''C (Ut., 
75*C, Beirie, et aL, J. Amer. Chan. Soc.:2042 (1952)); »H NMR (COa^: 
6 8.62 (d, J = 1.5 Hz. 1 H), 8.95 (d. J » 1.5 Hz. 1 H). 

S-Amitto-S^Mompieolittamide (lOS) 

Raney Nickel (10 g of Aldrich 50% slurry in water) was washed with 
water (100 mL), 5% AcOH (100 mL). water (100 mL). and 95% EtOH (3 x 
100 mL). The resulting slurry was added to a. solution of 
30 5-chloro-3-nitropicolinonitrile (104) (5.0 g. 27 mmol) in 95% EtOH (100 
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mL). The mixture was hydrogenated at 45 psi for 2.5 ii. The mixture was 
tliea ffltered over a bed of Cdiie and washed with 95% EtOH X 100 mL). 
Tlie red/brown filtrate was rota-evaporated to dryness, leaving the title 
compound as a' li^ brown solid, 3.S g <825&), tap 152-6*C (Lit.. 1<SS-6*C. 
MoCaustland and Cheng. /. HeteneyeL Chan. TiAffl (1970)); *H NMR 
(CDQ,): 6 5.42 (bs. 1 H). 6.05 (bs. 2 H). 7.00 (d, J « 1.2 Hz. 1 H). 7.71 
(bs. 1 H). 7.79 (d. J » 1.2 Hz. 1 H). 

S-AnmuhS-chlorapici^uuc add (106) 

Cone. HQ (38%. 32 mL. d - 1.20. 400 mmol) was added to 
3>amino-5-chloropicolinan]ide (105) (2.3 g. 13 nunol). The mixture was 
stined and heated to reflux. The resulting solution was refluxed (100"C) for 
17 h. The resulting mixture was cooled to room tenq)erature. then placed in 
the cold room for 3 h. The mixoire was filtered, leaving die tide compound 
as its hydrochloride salt. 2.1 g (66%); mp 235-236*C. 'H NMR (pMSO^: 
6 6.68 (bs. 2 H). 7.33 (d. J = 1.8 Hz. 1 H). 7.80 (d, / = 2.1. 1 H). 

£itty/ 3-amino-S^MonpieoBnate (107) 

Absolute EtOH (1.00 mL. d « 0.785. 17.0 mmol) and H2SO4 (96%. 
O.iO mL, d - L840, 1.8 mmol) were added to the hydrochloride salt of 
SHunino-S-chloropicolmic acid (Uki) (0.100 g, 0.407 mmol). The mixture 
was seined and heated to reflux. The mixture was r^uxed (120*'C) for 19 
h. The resulting solution was cooled to room temperature, poured over ice 
(LO g), and neutralized topUS with solid NajCOa. The resulting mixture 
was extracted with EtOAc (4x3 mL), the organic layer dried (NaiSOJt and 
rota-evaporated to dryness, leaving the title compound as an orange solid, 
68.6 mg (84.0%), mp 139.5-142.5^C (Ut., 165-6*C, McCaustland and 
Cheng, J. HeterocycL Chem. 7:467 (1970)); NMR (CDCI3): 6 1.44 (t, J 
= 6.9 Hz, 3 H), 4.45 (q, J = 6.9 Hz, 3 H), 5.84 (bs, 2 H), 7.05 (d, 7 = 1.5 
Hz, 1 H). 7.99 (d, / = L8 Hz, 1 H). 
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Ethyl S^Mon-S-im-mahoxyphenytacOamidoinicotino^ (108) 

To a solution of ethyl 3-ainmo-S-chloropicoliiiate (107) (0.401 2.0 
mmol) in 10 mL of 1,2-didiloroediane and 0.51 mL of triethylamine was 
added m-methoxyphenylacetic acid chloride (1.25 mL, 8.0 mmol). The 
resutlipg solution was allowed to reflux for 12 br. Afier cooled to room 
tempemture, the solvent was evirated in vacuo to diyness. Water (15 mL) 
was added to the residue and the mixture was extracted with ethyl acetate (3 
X 15 mL). The combined extracts wm washed with brine and dried over 
sodium sulfate. The solvent was evaporated in vacuo and the title compound 
was obtained by flash chromatography to give 0.7 g (100%) of 108. NMR 
(CDCI3): b L424 (t. J = 7.2 Hz, 3 H), 3.802 (s. 3 H). 3.812 (s, 2 H), 4,420 
(q, J = 7.2 Hz, 2 H), 6.846 (m. 3 H), 7.303 (s. 1 H), 8.339 (s. 1 H), 9.211 
(d, J = 1.2 Hz, 1 H), 11,080 (s, 1 H). 

5-Aza-7-chloTO^hydn^xy'3'(m-m€thoxyphenyl)gttu^ (109) 

To a solution of KHDMS in toluene (12 mL, 6 mmol) was added 
dropwise a solution of compound 108 (0.202 g, 0.58 mmol) in 5 mL of THF 
at -78X uiKler Nj. The resultmg mixture was allowed to warm to room 
temperature and stined at room temperature for addtional 12 hr. Water (10 

m 

mL) was added to tbe reaction mixture and extracted wtth etbyl acetate (5 mL) 
and the water phase was acidified witb 4 N HQ to pH 2. The v^te solid 
was obtained by filtration and dried to give 100 mg (57%) of the product as 
a white solid, mp 2S6-2S8*C. 'H NMR (pMSO-d«): 6 3.717 (s. 3 H). 6.837 
(d. J = 7.2 Hz. 1 H). 6.953 (m. 2 H). 7.258 (m, 1 H). 7.685 (d. J = 1.2 
Hz. 1 H). 8.463 (s. 1 H). 10.80 (brs. 1 H), 11.657 (s. 1 H). EIMS m/e 302 
(100. M^). HRMS Calcd for C„H„C1N203: 302.0460. Found: 302.0459. 
(HPLC purity > 96%). 



WO9Ca2990 



PCrAJS9S/16S7S 



-85- 

Example 2 Preparation of S-Asui^J-chhro^hydnacy-S-im^phem^ 
qumoUn-2^ne (113) 

m-Phenoxyphenylaeetic add chloride (111) 

To a solution of m-pheno3^^eaylacetic acid (110) (1.14 g, S.O mmol) 
5 in IS xnL of dichlorometfaane was added 1.27 g (0.87 mL) of oxalyl chloride. 

Ilxe resultiqg solution was allowed to ^ at room tenq»eratuie for 24 far. 
Solvent was evaporated to give an oil (1.233 g, 97%), which was used m next 
step without purification. 



5<bhrth^3^m^pbettOJ^henylacamttida)nicf^^ (112) 
10 To a scriution of ediyl 3-ainino-S-chloropicolhiate (107) (0.401 g, 2.0 

nunol) in 10 mL of 1,2-dichloroethane and 0.35 mL of trietlqrlamine was 
added m-phenoxyphenylacetic acid chloride (111) (1.233 g« 5.0 mmol). The 
resulting solution was allowed to reflux for 12 hr. After cooling to room 
temperature, the solvent was evaporated in vacuo to diyness. Water (IS mL) 
15 was added to the residue and the mixmre was extracted with ethyl acetate (3 

X 15 mL). The combined extracts were washed with brine and dried over 
sodium sulfate. The solvent was evaporated in vacuo and the title compound 
was obtained by flash chromatography to give 0.821 g (100%) of 112. 
NMR (CDCI3): 6 1.431 (I. J = 7.2 Hz. 3 H). 3.762 (s, 2 H), 4.423 (q. J = 
20 7.2 Hz, 2 H). 6.846 (m. 5 H), 7.327 (m. 4 H). 8.347 (d, J = 1.2 Hz, 1 H), 

9.226 (d. J » 1.2 Hz. 1 H), 11.076 (s. 1 H). 

5-Am-7<htoro-4'hydro3cy-3-(mi>henoxyp (113) 

To a solution of KHDMS in tobiene (4.2 mL« 2.1 mmol) was added 
dropwise a solution of cdmpound 112 (0.30 g, 0.7 mmol) m 5 mL of THF at 
25 -78*^0 under Na- The resulting mixmre was allowed to warm to room 

temperature and stirred at room temptamit for addtional 12 hr. Water (10 
mL) was added to the reaction mixture and extracted with ethyl acetate (2 x 
5 mL) and the water phase was acidified with 4 N HCl to pH = 2. The white 
solid was obtained by filtration and dried to give 120 mg (47%) of the product 
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as a white solid, mp 246-248<'C. 'H NMR (DMSO-d«): 6 6.894 (m. 1 H), 
7.022 (m, 2 H), 7.110 (m. 2 H), 7.208 (d. J = 7.2 Hz, 1 H), 7.353 (s, 3 H). 
7.678 (d, J = 1.5 Hz, 1 H), 8.462 (d, J = 1.5 Hz. 1 H), 11.003 (brs, 1 H), 
11.674 (s, 1 H). EIMS m/e 364 (40, M*), 77 (100). HRMS Calcd fiw 
CnHijONjOS: 364.0603. Found: 364.0609. (HPLC puriiy > 99%). 

Exompte 3 PrgmnOdn of5-aza'^--^^:^3-iaimyi9uittfain'2-me (119) 

QumoUnimide (114) 

A mixture of quinolinic add (16.8 g, 101 mmol) and acetic anhydride 
(22 mL, 233 mmol) was heated at atmo^dioric pressure in a distillatiaa 
appatanis with mixii« lo distill off 19 mL of distillate. The residue was 
cooled to approximately 1(X)*'C and acetamide (13.4 g, 227 mmol) was added 
over 5 min. with stiiring. The stirred mixnire was heated to reflux and 
refluxed for 2.5 h. The mixture was allowed to cool to room temperature, 
filtered, and the filter cake washed with water (2x25 mL) to obtain a brown . 
solid. The solid was triturated with water (25 mL) and filtered. The filter 
cake was washed with water (2x25 mL), and dried to obtain; a brown solid 
(9.4 g, 63%); mp 228-229.5''C. The solid was treated with hot ethanol (95%, 
50 mL), cooled in an ice bath, and filtered. Hie filter cake was washed with 
water (20 mL). and dried to obtain the title compound (114) as a brown solid 
(8.4 g. 56%); mp 230-231 °C (lit.. 230-233 Oum and Fuchsman. /. 
Heterocyd. Oiem. 5:252-256 (1966)). IR (KBr) 3484. 3189, 3100. 3083. 
1735, 1704. 1086. 736. 'H NMR (DMSO-d^: 8 7.76 (dd, 7, = 2.4, « 
5.1. 1. H-5). 8.24 (dd. 7, = 0.9, 7, = 7.2. 1. H-4). 8.96 (dd, 7, » 0.9. 7i 
- 7.5, 1, H-6). 11.66 (bs. 1, Nfl). 

3-AmittojttatSnie add (115) 

Quinolinimide (114) (8.0 g, 54 mmol) was dissolved hi an ice-cokl 
10% NaOH solution (160 mL) in a 250 mL round-bonom flask widi stirring. 
Ice-cold aqueous sodium hypobromite [prepared by adding bromine (3.0 mL, 
9.3 g, 58 mmol) lo an ice-cold 15% NaOH solution (56 mL)] was added to 
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£he above solution over 10 mia. The hmvm solution was sfeed m room 
tempmtu?e fo? 1 h then at SS^'C (oil bath) for 1 h. The solution was 
idien cooled to room temperatuse and the pH adjtsstsd to J losisig sulfuric acid. 
The sobstion was stirred at 4^C for 63 h. The siesuk^ mt^stuse was 
5 and the mother liquor was treated with copper (10 acetate-monofaydt^te (3.2 

g, 16 mmol) in hot water (64 mL) containing glacial acetic acid (1.60 mL). 
iniie resulting nmtuire was cooled to room tess^^erature and filtered, and tfie 
filter cake waslted with wat» (2s2S mL). The pseeqdtaie was resuspended 
m water (64 mL) and saturated with hydirogen sulfide. The pri yflMun a was 
10 filtered through a ftitified filter to remove the copper sulfide. The filtrate was 

rota-evaporated to dsyness, leavitig an om?ge solid. Use orange solid was 
dissolved in hot water (20 mL), cooled in an ice-ba«h, filteired and the filter 
calte dried to yield the ttitle compound (IIS) as light brown crystals; mp 
207.5-208*C (Lh., 210*C. Oakes eial.,J, Omn. 1045-1054 (1956))* 
15 m (KBr) 3386, 3200, 3133, 1644, 1565, 1532, 1398, 1286, 806. *H NMR 

(PMSOndij): a 7.26 (d, J = 8.4, 1, H^), 7.33 (dd, J, = 4.2, = 8.4, 1, 
H-5), 7.82 (d, / = 3.9, 1, H-6). A second crc^ of crystals was obtained by 
evaporating the mother liquor and rectystallizisiig in water (0.62 g« 8.3%); mp 
205-206*C. »H NMR (DMSOO: 6 7.26 (d, / = 8.1, 1. H-4), 7.33 (dd, J, 
s 3.9, Jj = 8.4, 1, H.5), 7.82 (d, J « 4.2, 1, H-6). 

M^gkyl 3'-mmmpmlimis (IM) 

3-Aminppicolinic acid (HIS) (0.585 g, 4.24 mmol) was dissolved in 
MisOR (absolute, 45 mL). The solution was stined ^i^e an etheseal tolution 
of diazomethane was added until a yellow color persisted (-^30 mL). The 
solution was stisred an additional 30 min, and the solvent rota-evaporated. 
The resulting residue was dried under reduced pressure at room ten^rature 
to yield 0.635 g (98.5 %) of crude IM as a yellow residue. The crude residue 
was chromatographed on a column of silica (12 g, Mallit^&rodt, grade 62, 
mesh 60-200, used as received) using CHClj-MeOH [19:1, (180 mL), 7:3 
(100 mL), 1:1 (100 mL), 100% MeOH (150 mL)]. A&er ^ooUectiqg 
af^ropriate fractions, rota-evaporatuig off the solvem and drying under 
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reduced pressure at 25 'C, 0.333 g (51.7%) of 116 was obtained as a yellow 
solid: mp 139-146»C; Rf « 0.54 (CHClj-MeOH (9:1)]. IR (KBr) 3455, 
3295, 3160, 1689, 1617, 1408, 1335, 1244, 1115. 'H NMR (CDCIj) 5 3.98 
(t, 7 = 7.2, 3, CffjO-), 5.73 (d, 7 = 1.8, 2, NH^, 7.05 (dd; 7, = 1.2, = 
5 8.4, 1, H-4). 7.22 (dd, 7i = 4.2. 7^ = 8.4, 1, H-5). 8.07 (dd. 7, = 1.2. 7^ 

= 4.2, 1, H-6). 

MeOfyl 3-(phe^laeetamido^iaiBnaU (118) 

Dry CHaCI, (20 mL) was added to methyl 3-«miiiopiooliiiate (116) 
(0.421 g. 2.77 mmol). The solntion was puiged widi nitiogen. Triediy] 

10 amine (1.16 mL, d = 0.726, 8.31 mmol) was added to the solutkm via 

syriqge. Phei^lacevl diloride (117) (0.805 mL, d = 1.169, 6.09 mmol) was 
added to the solmira via syiinge. The mixture was stirred overaiglit at room 
temperature under nitrogen. The mixture was then stirred at 40'C for 6 h. 
More trietfayl amine (0.50 mL, 3.6 mmol) was added and, an hour later, more 

15 pheiQrlaceQrl chloride (0.400 mL, 3.02 mmol) was added. The mixture was 

stirred an additional hour and allowed to cool to room temperanue. The 
reaction was quenched with water (20 mL), and the aqueous layer removed. 
The organic layer washed with water (3x15 mL), ai^ dried with MgS04. 
Silica gel was added and the slurry rota-evqwrated to dryness. The r^ulting 

20 silica was duomatographed on silica (40 g, Davisil, grade 643. mesh 

20Q450) and eluded with EtOAc-hexanes (2:1, 400 mL). The apinropriate 
finctions were collecied (Rf « 0.35). The solvem was rota-evaporated to 
yield tttt title compound (118) as a yellow oil, nAiich, upon drying, 
precipitated out as a yellow solid (0.4463 g, 59.6%); = 0.35. 'H NMR 

25 (CDCl,) 5 3.78 (s. 2. benzyUic), 3.97 (s, 3, CH3O-). 7.38 (m. 6. pheiqrl & 

H-5), 8.39, (dd, 7, = 0.6, 7a - 3.9. 1. H-4). 9.10 (dd, 7, « 8.4, 73= 8.3, 
1, H-6), 10.96 (s, 1, Nfl); MS (m./z) 270 (M*, 35), 211 (35), 179 (85), 153 
(40), 147 (65). 1 19 (40), 94, (40), 91 (100). 
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5-Axa^ydTm^3-phmylgmttolin-2'One (119) 

Nfofayl 3-0diaiylacetaii^)piooIiii8tB (119) (78.5 mg, 0.290 mmol) 
was idaced in a 10 mL round-boticnn flask. The system was puiged widi 
nitiogai. Diy THF (5 mL) was added ID the flask via syiiqge. Thesohition 
S was chilled to -70*C (aoetone/diy ice). KHMDS (0.600 mL of 0.5 M 

solmicm m tohiene) was added dropwise to die cold solntion via ^riiige. The 
resnlting mixture was aliowed to wann to room t empera nne by leaving the 
flask in the evaporating cooluig bath. More KHMDS (0.600 mL of 0.5 M 
solution in tohiene) was added via syringe. The mixnne was allowed to stir 

10 under lutrogen at nxnn tenq)erature overnight. The reaction mixture was 

filtered to obtain a whit^-yellow solid. The solid was dissolved in water (6 
mL). The solution was neutralized to pH 6 widi 0.1 N HCI. The mixdire 
was extracted twice with EtOAc (7 mL). The organic layer now contained the 
while suqiension. The solvent was removed by rota-evaporation, leaving the 

15 tiUe compound (119) as a brown soUd (0.0367 g. 53%); mp254-258«C. IR 

(KBr) 3427, 3161, 2923. 2854, 1655, 1477, 1402. 1123, 693. 'H NMR 
(DMSO-iy: 6 7.29 (d. J = 7.2, 1. phenyl). 7.37 (t, / = 7.2, 2. pheiiyl). 
7.45 (d. / « 7.5, 2, phenyl). 7.60 (dd, 7, = 4.2, Jj = 8. 1. 1. H-7). 7.69 (d. 
J = 8.1, 1, H-8), 8.49 (d, J = 4.2, 1. H-6), 11.62 (s. 1, Nfl). MS (m./z) 

20 238 (M*, 100), 210 (10). 181 (15). 93 (20). 89 (15), 78 (15), 63 (*15), 51 

(10), 39 (25). 



Examine 4 PrqMmtion efi-Aia^hydnxy'3'phen:^qmttoUu'2-^ne (122) 

EUrfl 2-anuaomeotinote (121) 

Absolute ethanol (10 mL) was added to 2-aminonicotinic acid (120, 

25 commercially available) (3.9 g, 28 nunol). To the resulting stirred mixoire 

was added H3SO4 (96%, 5 mL). The mixture was heated and refluxed at 
120*C for ~4 h. The suspension was cooled to room tenqierature, poured 
over ice (30 g). and neutralized to pH 5 using solid NajCO,. The aqueous 
suspenaon was extracted with &OAc (3 x 25 mL). These combined organic 

30 extracts were washed with water (3 x 30 mL), dried (NaiSOJ, and 
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rota-evaporated to diyness, leaviqg die title compound as oiEf-viiite crystals 
(2.8 8. 60%); mp 90.5-92.5»C (LiL, M-95''C, Hiiai, E., Chem. Pham, BuU. 
14M\ (1966)). NMR (CDCl,): j 1.38 (t. / » 7.2, 3. GffjCH^. 4.34 (q. 
J = 7.2, 2, CHjCHaO), 6.40 (bm, 2. Nffa). 6.62 (dd, 7, = 4.9. /j - 7.8. 1. 
H-4). 8.14 (dd.y, = 1.0. 7j = 8.4, 1, H-5), 8.21 (dd. 7, = 1.2, h = 3.8. 

I. H-6). ■ 

S-Aa>r4-kydimy-3^hen9l9mMUn'2-mie (122) 

To a stined soluion of fipesbly prepared sodiom edioxide (0.0403 g of 
Na and 4 mL of absolute EtOH) under nitrogen was added ethyl 
2-ainioomcotlQate (122) (103.0 mg, 0.6280 mmol). To this solution was 
added ediyl phenylacetate (0.25 mL. d = 1.031. 1.6 mmol). The suspension 
was stined, healed to 95 "C (oil bath, external), and refiuxed for 
aiq)roximately 22 h. The mixture was cooled to room tenq)eraiure and 
centrifiiged (5 min) to separate a white solid and yellow mother liquor. The 
mother liquor was ronoved by pipet. and solid dissolved in water (2 mL). 
Glacial acetic acid (2 drops) was added to form a white precipitate. The 
mixture was centrifiiged (5 min) to separate a white solid and dear motter 
liquor. The mother liquor was removed by pipet. and the solid product 
removed and dried in an oven (43*C, 1.5 h). The title compound was 
obtained as a white powder. 123.4 mg (82.5%). mp 340-342"C. 'H NMR 
(DMSO-di^: 6 7.17 (dd, 7, = 4.8, 7, = 7.8, 1, H-6), 7.25 (m. 1, H-4'), 7.34 
(t,7 = 7.2, 2. H-3' & H-5'). 7.42 (dd. 7, - 0.9, 7, = 7.2, 2. H.2' & H-6'). 
8.29 (dd. 7, = 1.2. Jt = 7.8, H-5), 8.45 (dd, 7, = 1.2, 7, = 7.8, H-7), 

II. 64 (s. 1. -N^O: HPLC 99.2%; LRMS (ui/z) 239 (M*. 100), 238 (90). 181 
(20). 121 (40). 118 (20), 93 (40), 91 (55). 89 (15), 77 (25), 69 (20), 63 (25). 
57 (35). 55 (40). 51 (30). 43 (55), 41 (55); HRMS Calcd: 238.0742. Found: 
238.0737. 
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Exau^de 5 Fnpantion of 6,7-IHeklonhl,2-€S^tbwpilttmaUia-2^tte-4~ 
oxide (124) 

N'(BettzivIacaylH,5-^Beh!oro-2-itiinaniSne (123) 

A mixtuie of 4,Swlidd<m)-Z>iAtoaiiiIiiiB (2.07 g, 10 nunol) and ediyl 
benzoylaoetate (tedmicalt 5 mL, q>pvDximatety 22 mmoD was heated at 
180*C for 16 h iiiid» stining. It was cooled to 1S0"C and kqK at tbis 
tenqwiMiiie under asfiiiaior vacanm for S h, tben ood 
Odorofomi (SO mL) was added and die mixture was evqioiaied. 
widi eifaer (200 mL) and cooled to - 10*C. PtecqAaie was filtered and 
washed wUi Mher (5 X SO inL) ID gne 2 J2 g (60%) of the tide ctnqKnmd as 
an orange solid: mp 177-179*C (fiom BOK); IR (KBr) 3330. 1693, 1670. 
1S61. 1472. 1340. 1233. and 764 cm '; 'H NMR (DMSCV^ 8 4.24 (s. 2H). 
7.53 (m. 2H). 7,65 (m. IH). 7.77 (d, IH. J = 7.6 Hz). 7.97 (d. IH. J = 7.6 
Hz). 8.11 (s. IH). 8.23 (s. IH). 10.70 (s. IH. N-H). HRMS Calcd for 
CuHhiNAC12: 352.0018. Found: 352.0020. 

6t7'IHehhro-l,2-dU^dnqmnaxaUne-2^ne-4-oxide (124) 

A suspension of die N-(baizoylacetyl)-4.5-dichion>-2-nitroaniIiiie 
(0.3S1 g. 1 nunol) in 20% NaOH (S tqL) was refhixed under snrring for 1 h. 
The mixture was cooled to room ten^eramre and acidified with 2N HCi to pH 
2 to form a i«ecipitatt. The precipitated product was filtered, washed with 
2N HCI (3 X 20 mL). HgO (S x 20 mL), edianol (20 mL). and edier (20 mL), 
ami then air dried lo give 0.207 g (90%) of the tide conqxrand as a light 
brown powder: mp 278-280*C (HgO fiom DMSO); IR (KBr) 34S0. 3104, 
2934. 1693. 1593. 1517, 1412. 1270. and 890 cm*; >H NMR (JDMSO-d^ 8 
7.S0 (s. IH). 7.95 (s. IH). 8.23 (s. IH). 12.4S (hr.s. IH. N-H); »C NMR 
(DMSOsU 5 118.09. 121.32. 125.79. 129.75. 130.31, 133.25, 135.50, 
157.30; HPLC: 98.1%. HRMS Calcd for C8H4NjO,Cl,: 229.9650. Found: 
229.9660. 
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Example 6 Preparation of 6, 7'IXdilmh3ifhenyl-l,2-^kjfdiv^anaxaluir2- 
one'4-oxide (126) 

4,5'IXehlorO'2-nitnhl'0fhenylaeeUuttidofiettzene (125) 

A mixture of pheqylacetic add (10 mmol) in SOCjs (4 ml, apr. SO 
nunoi) was stined for 16 h at room te mp er am re. dm evqKmded and Isspt at 
2 mm Bg for 0.5 h to remove lesiAiai SOCI,. A suspoision of 
4,5-didiloiD-2--iutroaiulinB (1.035 g. 5 mmol) in ediaool-fine CHCI, (10 mL) 
was added to die residue and the mixture was stined at 50*C for 4 h. It was 
then cooled to room tenqwrattirc and evqnniied. The residue was treated 
widi edi«' (100 mL). Precq)itaiad cnide product was filtered, wadied widi 
etiier (5 x 20mL) and dried on air to give the titte compound. Yidd 90%; mp 
116-118*C (from EtOH); (Lit., 118*C, Ahmad, Yu., «aZ., Tetrahedron 
2i;861 (1965)). 

6, 7-Dieh!oro-3-phenyl'l»2'daydrogttinoxalin-2'One-4^xide (126) 
15 To a stined solution of 125 (8 mmol) in pyridine (15 mL), 205S 

aqueous NaOH (40 mL) was added. The resulting mixnire was refluxed for 
1 h, then cooled to room tenq)eraoire. diluted widi water (50 mL), ami 
acidified widi concentrated HCl.to pH 2. The precqiitated onide piodba was 
filtered, washed widi 2N HCI, and then water, and air dried to give 
20 phenylnitrones 407. Yield: 72%; mp 300-302"C (from EtOAc); (lit.. 305- 

306'C. Ahmad, Yu., etal.. Tetrahedron 21:961 (1965)); IR (KBr) 3207, 
3158. 3067. 2926, 2856, 1696, 1682, 1618, 1364, 1356 and 1250 cm '; 'H 
NMR (in DMSO-d«) S 7.44 (m, 3H), 7.51 (s, IH), 7.65 (m. 2H), 8.28 (s. ' 
IH), 12.59 (s. IH, N-H); HPLC: 100%. 



5 



10 



25 Exam^ 7 Promotion of 6,7-IXdilmo-3-(4''meaun^phenyl)-l,2- 

dU^fdnfguinojulin-2-one-4'made (128) 

4,5-Diehhro-2-nitro-l-f(4-meaioxyphenyl)aeetamidoJbettzene (127) 

Tlie title compound was prepared according to the procedure described , 
in die preceding example by substituting 10 mmol of p-medioxyirfieiiylacaic 
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aekl for pbenylacetic acid. Yield95%; mp 124-126" (fixmiEtOm; IRKBr 
3318. 3124. 2933, 2840. 1708. 1607. 1569, 1512, 1473. 1385, 1337, 1305, 
1277, 1250, 1227 and 1033 cm*; *H NMR (DMSO-de) S 3.62 (s, 2H), 3.70 
(s, 3H). 6.87 (d. 2H. / » 8.4 Hz). 7.19 (d, 2H, / » 8.4 Vz), 8.05 (s, IH). 
5 8.26 <s, IH). 10.44 (br. s, IH. N-H); HRMS Calcd for C^^OJOti 

354.0174. 

6, 7-IHMmV'3^4'''m^oxyphenyl)'J,2-^ydroqmnoxalin''2-^ ne - 4 -a x l de 
(128) 

The title conyound was prepared aocCTxiing to the procedure described 
10 indiepieoediqgexaiDideby 8idatilutiiigI27(8nm Yield: 75%; 

mp 262-264"C (from BtOH); IR (KBr) 3439. 3204. 2934. 2841. 1696. 1682, 
1663, 1609, 1362, 1308. 1262 and 1184 cm->; >H NMR CmDMSOdc) 6 3.79 
(s, 3H), 6.99 (d, 2H. / « 8.7 Hz), 7.50 ($; IH). 7.74 (d, 2H, / « 8.7 Hz), 
8.28 (s, IH). 12.48 (br.s. IH, N-H); HPLC: 97%; HSMS Calcd for 
15 CuHmNjQiCIz: 336.0068. Foond: 336.0068. 

Example 8 Fnpam&on of 6,7-IXeUom'3'0'^ttetbm^phenyl)-It2- 
£ifydmquittoxaMn~2-one-4-<uide (130) 

4fS-Diehhro-2-mtm-l-[(3-meAoxypha^l)aeetamidoJbettzme (129) 

Tbe title compound was prepared according to the procedure described 

20 in Example 6 by substituting 10 mmol of m-metboxyphenylacetic acid for 

pbenylacetic acid. rieid91%; mp 122-124*C (from EtOH). IRKBr 3320. 
3121. 2935, 2843. 1702, 1601, 1563, 1509, 1390. 1252 and 1231 cm '; »H 
NMR (DMSO-dc) d 3.38 (s, 2H), 3.65 (s, 3H), 7.08 (m, 3H), 7. 19 (m, IH), 
8.05 (s, IH). 8.25 (s. IH), 10.49 (br.s, IH, N-H); HRMS Calcd for 

25 CjsHuNjO/:!,: 354.0174. 

6J-IXdiU»ro-3-(3''methaxyphetiyl)-lt2-^Sbydroqmnoxa^ 
(130) 

Tbt tide canqiound was jnepased aoocnding to tbe general procedure 
described in Exaiq>le 6 by substitutiog 8 mmol of 129 for 125. Yidd: 91%; 
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mp 238-240*C (from ElOH): IR (KBr) 3436, 3046, 2926. 28S5, 1652. 1618. 
1597. 1374. 1363 and 1263 cm '; <H NMR (in DMSO-d() S 3.73 (s, 3H). 
7.00 (m. IH). 7.18 (m. 2H). 7.20 (s. IH). 7.36 (m. IH). 7.52 (s. IH). 8.28 
(s. IH). 12.57 (br.s. IH. N-H): HPLC: 100%; HRMS Calcd for 
5 C„Hk^AC1i: 336.0068. Found: 336.0075. 

iUhydnguinoxaUn-I-one-^-oxide (132) 

4,5^iXehtaro-2'nitnhl'^(2-in^O]^hmy0aeaamidoJbea»tte (131) 

Tbe title conqxmnd was prepared according to dtt {voceduie described 

10 in Exaiq>le 6 1^ substitutiqg 10 mmol of o-meOoxyptaaqrlacetic acid for 

pbenylaceticacid. Yield 72%: mp 123'12S«C (from BOH); IR KBr 3301. 
31 14, 3071, 2950, 2848. 1705. 1604, 1571 , 1541 , 1475. 1339, 1250 and 1 134 
cm-»: "H NMR (DMSO-d«) 6 3.69 (s. 2H), 3.77 (s, 3H). 6.96 (m, 2H). 8.24 
(s. IH). 8.30 (s. IH). 1039 (br.s, IH, N-H); HRMS Calcd for 

15 CisHuNACI,: 354.0174. 

6p 7'IHchlorO'3-(2 ''metiio:^phenyl)-l,2'^kydroquMMxaGn-2-one'4^xide 
(132) 

The titte compound was prepared aocordii^ to tbe genoal procedure 
described in Exanq>le 6 by substituting 8 mmol of 131 for 125. Yield: 50%; 
20 mp 239-241"C (from EtOH); IR (KBr) 3459, 3050, 2958. 2796. 1651 . 1618, 

1375 and 1257 cm *; 'H NMR (in DMSO-d^) 5 3.69 (s, 3H), 7.00 (dd, IH, 
JJ = 7.4 Hz). 7.10 (d, IH, / = 7.4 Hz). 7.26 (d, IH. J = 7.4 Hz), 7.46 
(dd, lH.y7 = 7.4 Hz), 7.54 (s, IH). 8.26 (s, IH), 12 J8 (br.s, IH, N-H); 
HPLC: 98%: HRMS Calcd for CsHjoNaOjClj: 336.0068. Found: 336.0078. 
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Exampk 10 Preparatioit of 6,7''Dichloro-3-(3'-meUiy^henyl)-l,2' • 
^ydraqumojaiUn-2-one-4-oxide (134) 

4,S-IHehhrO'2Hdtro-H(3-methylphenyl)aceUt^^ (133) 

Tte title conqraund was prepaxed aocoiding to die procedure described 
in Example 6 by substitutiiig 10 mmol of m-toiylac^c add for plienylacedc 
add. Yield 52%; iiipl22-124'C(ftomEtOH): IR KBr 3296. 3112. 2929, 
28S6. 1691. 1567. 1481. 1336, 1280. 1239 and 1157 cm '; % NMR 
(DMSOdc) S 2.23 (s. 3H). 3.63 (s. 2H), 7.05 (m, 2H), 7.07 (s. IH). 7.16 
(m. IH). 8.02 (s. IH). 8.23 (s. IH). 10.46 (br.s. IH. N-H); HRMS Calcd 
for CuHoNsQsCIz: 338.0225. Fooiid: 338.0221. 

^7-IKeJU0»o^9^'snetfgi^ft^ (134) 
The title compound was prepared according to die general procedure 
desoibed in Example 6 by instimting 8 mmol of 133 for 125. Yield: 97%; 
mp 260-262OC (from EtOH); IR(KBr) 3454, 3044, 2923. 2801, 1653. 1617. 
1380, 1364. 1311 and 1245 cm '; 'H NMR (in DMSO-dj) 6 2.31 (s, 3H), 
7.23 (m, IH,), 7.33 (m, IH), 7.43 (m, IH), 7.44 (s, IH. 7.51 (s. IH). 8.27 
(s, IH), 12.59 (br.s, IH, N-H); HPLC: 97%; HRMS Calcd for 
GuHjflNACI,: 320.0119. 

Ejumple 11 Pnparadon of 6,7-DichbrO'3-(3'-pketUK^phenyl)-lt2' 
dUiyJboqmnoxaUn'2-one'4-mdde (136) 

4,5-IXehlorO'2-ttUro-l-4(3'ph«noxyphettyl)aeeta^do]bettune (135) 

The title conqiound was prepared according to the procedure described 
in Exanq»le 6 by substituting 120 mmol of commercially available 
iR-phenoxy[riiei^laoetic add for phenylacedc acid. Yield 77%; nq> 135-137"C 
(fiom EtOH). IR KBr 3305. 3113, 3092. 2926. 2856. 1696, 1567, 1483. 
1470. 1253, 1233 and 1213 cm '; >H NMR (DMSO-d^ 6 3.65 (s. 2H). 7.02 
(m, 5H), 7.19 (m. 4H), 8.04 (s. IH), 8.20 (s. IH). 10.47 (br.8. IH. N-H); 
HRMS Calcd for QuHmNACIz: 416.0331. 
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6, 7-Dichlon^3-(3 '^phenoxypkmylHp2-dihydnqumaxaUn^2^ 
(136) 

Tbe title compound was prepared according to the general procedure 
described in Example 6 by substituting 8 mmol of 135 for 125. Yield: 53%; 
5 mp 258-260X (from EtOH); IR (KBr) 3450, 3207, 3180, 3039, 1674, 1617. 

1581, 1465, 1361, 1262, 1220 and 1149 cm ^ 'H NMR (inDMSOd^) h 7.10 
(m, 3H), 7.37 (m, 5H), 7.44 (s. IH), 7.50 (s, IH), 8.27 (s, IH), 12.58 (hr.s, 
IH, N-H); HPLC: 98%; HRMS Calcd for QzoHuNAOi: 398.0225. 

Example 12 Preparation of 6, 7-Didibmh3i[fhmyU1^2-aih^ 
10 one^xuk (126) 

To a stirred solution of Grignard reagent prq>aied from Mg (240 mg, 
10 mmol) and ptenyl bromide (10 mmol) in THF (50 mL) solid powdered 
mtrone 124 (2 mmol) was added in ffliall portions. Tlie mixture was stirred 
for 2 h, tben decomposed with MeOH (50 mL) and evaporated. The crude 

15 hydroxylamine derivative 139 was wadied with hexane (3 x 10 mL), 

suspended in CHCla (100 mL) and stirred with Mn(>2 for 16 h. Solid 
inorgaiuc material was filtered off, washed witfi CHCls (10 x 10 mL), and 
.MeOH (10 X 10 mL). Omibined organic filtrate was evaporated.. Solid 
residue was chromatographed on prep. TLC plate, eluent - mixture CHCIa - 

20 MeOH (15: 1), to yield of 3-aiyl nitroM 126. Yield: 39%; the compound was 

identical to that prepared in Example 6. 

Example 13 Preparation of 6, 7-Dichloro-3-(4'-methoxyphenyl)-h2- 
dihydroquinoxalin'2'One-4H»xide (128) 

The title compound was prepared according to the general procedure 
25 described in E^^ample 12, except that p-mcthoxyphenyhnagnesium bromide 

was substituted for phenylmagnesium bromide. Yield: 22%; the compound 
was idemical to that prepared in Example 7. 
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Exiu^l4 Prgmvtion of SfT-DieUomS-^'maluayplu^^l^ 
dUiydroqiimoxaIin'2-<me-4-0Jdde (130) 



The tide coiqpouiid was prepared according to the general procedure 
disclosed in Example 12, excqtt diat iw-metlMM^yidiayhnagiifaahiiti bromide 
was siditiliited for jdiea^magnesinm bromide. YieU: 20%; conqwuiid was 
identical to that piepared in 8. 



ExangOelS Preparation of 6,7-JXchIoro'3^4''hydrox^h»nyl)'l,2- 
Shy^boqujMacdm.'Z^nt' 4 oxide (137) 



A mixlare of /Kmeduj^pho^l niirone 128 C2 mmol) and BBr, (IM in 
10 CH2CI2, 15mL. lSmmol)inCH^l2(100mL)wasstinedfor201i,tlien 

evqxsated. Hie residue was evqiorated widi MeOH (25 mL, rqwaled 
twice), dien water (50 mL) was added. The reactim mixaire was basified 
with sannated NaH(3C)^ to pH 8, sdired fiur 1 b and acidified with 2N HO to 
pH 3. The precipitated etude product was filtered, wadied with water to a 
15 neumUpH, air dried and reaystallizedfiromEtOH to give the title oon^ound. 

Yield: 71%; mp 276-278«C (fiom EtOH); IR (KBr) 3422. 3069. 1670, 
1653, 1609, 1590, 1459. 1361. 1297 and 1226 cm 'H NMR (in DMSO-d«) 
6 6.83 (d. 2H. 7 = 8.7 Hz), 7.41 (s, IH), 7.99 (s, IH), 8.27 (d. 2H, 7 = 8.7 
Hz). 10.09 (br.s, IH. O-H). 12.53 (br.s, IH, N-H); HPIX:: 98%; HRMS 
20 Calcdfi)rC,4HaN20/:i2: 321.9912. 



Exaa^le 16 PreparaHon of 6,7-DicMoro-3^2'-hydrm^henyl)'l,2- 
dihydniqmnoxaUn''2'One'-4-oxide (138) 



The title conq)ound was prepared according to the general procedure 
of Example 15, except diat nitrone 133 is subsdmted for nitrone 128. Yield: 
25 30%; mp 266-268*C (fiom EtOH); IR (KBr) 3440, 3218. 3102, 2929, 1674. 

1619, 1470, 1348. 1143 and 1112 cm*^; 'H NMR (in DMSOhU 6 6.86 (m. 
2H), 7.25 (m. 2H), 7.53 (s, IH), 8.28 (s, IH). 9.41 (br.s, IH, O-H), 12.57 
(br.s, IH, N-H): HHT: 99%; HRMS Calcd for C,4H,NACl2: 321.9912. 
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EjBom^ 17 Preparation of S-cyanO'SfJ-dUhlorfl'lfZ-dihydro- 
quittoxtUitte-2^ne-4-oxide (143) 

N-^C!yaiutaeetyl)h4,S-dichloni'2-MtroaniIiiu (142) 

To a suspension of cyanoacetic acid (1 .70 g, 20 nunol) in GEi^Ot (50 
mL) oxaiyl chloride (2.2 mL, 25 nmud) was added. Ti» mixmie was sdixed 
for 2 mote oxalyl cUotide (2.2 mL, 25 nmKd) was added and die nuxture 
was r^nxed vAiile stinii^ for 3 h. The mixture was cooled to room 
temperature aiKl evi^rated twtee with edianol-free CHClj (20 mL) to remove 
excess of (COa)t. To tan residue was added 4,5^iclilon)-2^iitroaiiiliiie 
(1.035 g, 5 mnMl) and CE^I, (10 mL) and the resulting mixtue was stirred 
for3h,dienditaitBdwidiedier(50mL). The i»ec^ltate was fliteied, washed 
widi edKT (5 X 10 mL) to give 0.891 g (65%) of the tide confound as an 
orange solid: mp 156-158"C (from EtOH); IR (KBr) 3369. 3118. 2928. 2261. 
1694. 1609, 1576. 1498. 1346 and 1280 cm '; IH NMR (DMSO-d«) 6 4.00 
(s, 2H). 7.94 (s, IH), 8.31 (s. IH). 10.70 (s, IH. N-H). HRMS Calcd for 
CsHjNjOjClj: 272.9708. Found: 272.9712. 

3-CyanO'6,7'di€hiora-h2-dihydroquinoxaline-2^^ (143) 

To a stirred solution of 142 (0.552 g, 2 mmol) in pyridine (4 nd^), IN 
NaOH (4 mL, 4 mmol) was added. The resulting mixture was stined for 4 
then diluted with water (SO mL) and acidified with 2N Ha 10 pH 2. The 
precipitated crude product was washed with water, dried on a fUter and 
washed with ettier (5x5 mL) to give 0.365 g (72%) of the title compound as 
an orange solid: mp 294-296^C (from EtOH); IR (KBr) 3104, 3048, 2231, 
1675, 1623, 1453, 1399 and 1176 cm '; 'H NMR (DMSOnds) 6 7.54 (s, IH), 
8.25 (s, IH), 12.20 (s, IH, N-H). HPLC: 95%; HRMS Calcd for 
C9H3N302a2: 254.9602. Found: 254.9604. 
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B%il (m. Emsnple 4) (0.1626 0.9906 .mmol) 

placed im a 10 mL iromndl-bostom fkisk. Coec. HQ (35%« 1 mL) was 
sdded the mkfiums stks^. Wlsm ail of ester Md d8SSo!tv®d» E^Os 
(30%, 0.10 xqL, d - 1.110, 0.98 mmol) added. Hie s@si!iilskig sotedcm 
wasItesiiedatSS-^Xforlb. Tbe sohxtion was cooled tt) socm teQ^pesat^ 
dilussd wflA water (10 mL), and basified tt) pH 8 Q'H paper) with solid 
NaHCO,. The mixtiare was fiStesnsd. washed with water ^ x 10 ssxL) aad 
dried at 4SX fi^ 2 h to leave the tttie conqsoimd as a white solid, 0.186 g 
(93.7%). mp 119.5-221.5*C; NMR (CDCI3): b 1.39 (t, J = 7.05, 3, 
CffjCHa), 4.35 (q, J = 7.05. 2, CHaCHjO), 6.44 (bm, 2, Nfl^, 8,11 (d. / 
= 2.40, 1, py), 8.16 (d, / = 2A 1, py); ER (KBr): 3448. 3441, 3284, 3161, 
1709, 1641, 1402, 1307, 1232, 1150, 1109. 796; HFLC: 100%; LRMS {mfz) 
202 (30). 200 (M*, 100), 172 (15). 156 (20). 155 (30), 154 (60), 130 (15), 
129 (20), 128 (SO), 127 (45), 126 (15), 100 (15), 92 (10). 73 (20). 65 (15), 
64 (15); HSIMS Calcd: 200.0352. Fouind: 200.0355. 

BSk^l S'^CMom-2-(pkmyhc(8i^mM&)mmdm^e (144) 

Phenyiacecyi chloride (0.21 mL. d = L169, 1.6 mmol) was added to 
ethyl 2-amino-5-chloromcotmate (M3) (159.6 mg. 0.7956 mmol) iim a 10 mL 
round-bottom fia^. A stir bar and pyddiKie (1 .0 mL, distilled) were added. 
The mijctiire was heated to reflux (ISO'^C, oil bath) with stimsig under 
mtsQgen. The resulting sohttion was refluxed for 1 h, ihra cooled to room 
temperature. The reaction mixture was qurached with water (5 mL) and 
extracted with chloroform (3 x 10 noL). The combined organic ^tracts were 
washed with sat. NaHCO, (3 x 10 mL) and water (3 x 10 mL), dried 
(MgS04), and rota-^vaporated to dxyness, leaving an oraqge liquid. This 
liquid was chromatogsaphed on silica gd (30 g, Mallindarodt, grade 62, mesh 
60-200) and eluded with hexanes-EtOAc (1:4, 250 mL). The desired fractions 
weine collected (Rf = 0.79) and rota-^vaporated to dryness, leaving m orange 
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solid. CiystaUization from etfaanol affoided the title coa^xmiid as yellow 
needles, 110 mg (43.6%), mp 113.5-114X; NMR (CDC^: S 138 (t, J 
= 7.2, 3, CH3CH2). 3,90 (s, 2, ben^lic), 4.34 (q, J = 7.2, 2, CHiCffjO), 
7.38 (m, 5, phenyl), 8.22 (d, / = 2.4, 1, py), 8.54 (d, J = 2.4, 1. py), 
5 10.64 (s, 1, NiSI); IR (KBr): 3427, 3196, 1743, 1640. 1600, 1409, 1272, 

1218, 1136, 1096, 796; HPLC: 100%; LRMS: 318 (M*", 25), 202 (20), 201 
(10), 200 (60), 183 (15), 181 (40), 154 (10), 128 (10), 118 (100), 91 (80), 65 
(25), 39 (10); HRMS Calcd: 318.0771. Found: 318.07^. 

9-Aa^^/Uoiv^4-Ayi2n9i^ (145) 

10 KHMDS (2.60 mL of 0.5 M soln. in toluene) was placed in a 10 mL 

round-bottom flask under nitrogen. The solution was cooled to -78^C 
(acetone/dry ice). After 15 min, a solution of ethyl 5*chloro-2- 
O>benylacetamido)nicotinate (144) (103.4 mg, 0.3244 mmol) in diy THF (5.0 
mL) was added via syrii^e. The resulting mixture was stined under nitrogen 

15 and allowed to warm to room ten^rature by letting tfie cooliqg bath 

evaporate. The mixture was stined at room tempmture overnight. The 
reaction mixmre was quenched witfi water (5 mL) and washed with EtO Ac (2 
X 5 mL). The aqueous layer was acidiffed to pH < 2 by the addition of 4 N 
HCl (~S drops). The lesulting mixtme was filtered and the filter cake was 

20 washed with water (5 mL). The solid was dried (45'C for 1 10 to leave the 

tide compound as an off-ix^te solid (66.4 mg, 75.1%), ini> 324-6''C (dec.); 
'H NMR (DMSO^: 6 7.36 (m, 5, pheiiyl), 8.35 (d. J = 2.1, 1, py). 8.55 
(d, J = 2.1. 1, py), 10.64 (bm, 1. 0*0. 12.05 (s, 1, Nfl): K (KBr): 3434. 
3134, 1661. 1559, 1402, 1341, 1232, 1143, 673, 564; HPLC: 100%; LRMS: 

25 274 (30), 273 (45), 272 (M*. 100), 271 (90), 215 (10), 157 (10). 155 (35), 

127 (20), 89 (15), 77 (10). 63 (10), 51 (10). 39 (10); HR^S Calcd: 
272.0352. Found: 272.0349. 
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To a soMdoB of 3*pI!igKso^b^ykc@^ acM (958.8 mg, 4.201 mmiol) 
m dfy CH2O2 (9.0 mL) m a 25 mL ?oiBffid-]bom)m flls^ wish stsmag usder 
sigsrogm was added o^aly! chloride (0.75 mL, d = 1.455, 8.6 mmoi)« Tlh@ 
yeOow soludoE was stm^d at room smpsmnm^e m^g(^ for 23 h. 
]Rota-€vapoiimioiQ of Ehe solveM Mi £tie add chloride as a yellow osl, 312 mg 
(78.4%); m mm iCOCl^i 4.12 (s, 2, bsm^m, 7.20 (m, 9, pheaiyl); puse 
by NMR. IMs sassmal was used m die siext seacUon wjtibout iradier 
dsasacterizatkm or pttrificsitaon. 

To a Boksiue of eti^l 2-amko-5<Uoromco&aaie (IL4I3, Essaoi^te 18) 
(344.9 mg, 1.719 snmol) m pyridine (2.0 hqL, dsstiUed) in a 10 xnL 
rousd-lboffiom flask with sdsriiqg was added a sohttion of 
3-pheno;cypheny]laoeQrl chloride (812.5 mg, 3.293 snmol) in dsy OI2CI2 (2.0 
mL). The mamre was gradually hesQied i&o reflux (130^C, oil bath), over 
^fi^iich time the CH2C12 was attowed to eva^posate. Use resulting solution was 
reflussed for 3.5 h, then cooled to room tempetature. The reaction mixture 
.was quenched with water (10 mL) and exi^racted with chloroform (3 x |5 mL). 
The combined organic extracts weme wasted with water (3 x 10 mL), dried 
(MgSO^}), and rota-^vaporated to dryness, leaving a dark green liquid. This 
liquid was chromatographed on silica gel (24 g, MallinclScrodt, grade 62, mesh 
60-200) and eluted with hexanes-EtOAc (1:4, 250 mL). The desired fractions 
were collected (JSLf - 0.83) and rota-evaporated to dsyness, leaving a gseen 
oil. ThisoileventuaUy precipitated out as a wet gseen C^staUi^tion 
from ethanol afforded the title compound as a light brown flakes, 114 mg 
(16.1%), mp 10^4^C: *H NMR (CDCI3): 5 1.39 (t, / = 7.2, 3, CHjCHj), 
3.88 (s, 2, benqrlic), 4.35 (q, / = 7.2, 2, CHjCHiO). 7.10 (m, 9, phenyl), 
8.24 (d, / = 2.4, 1, Rjr). 8.52 (d, J = 2.4, 1, py). 10.70 (d, J := 2:4, 1, 
Nj?); IR (KBr): 3434, 3155, 2925, 1722, 1659, 1401, 1252, 1205, 1102, 775, 
700; BDPLC: 99%; OlMS: 410 (M*, 40), 211 (35), 210 (100), 2Cp (35), 183 
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(30). 181 (40), 128 (15). 89 (50). 77 (20), 51 (15); HRMS Cafcd: 410.1033. 
Found: 410.1026. 

8'Axttr6-dilom'4-^fdfmy-3-(3 ''pkena^)pkenylqumoSn-2(lHy<me (147) 

KHMDS (1.92 xnL of 0.5 M solit in toluene) was placed in a 10 mL 
round-bottom flask under nitrogen. The solution was cooled to -78*C 
(aoetone/diy ice). After 15 min, a solution of etiQrl 5-chIoio-2-(3- 
p]ienoxyphenyIacetamido)nicotinatB (146) (98.3 mg. 0.239 nunol) in diy THF 
(5.0 mL) was added via syringe. The resulting oiixture was stirred under 
nitrogen and allowed to warm to room tenq)eraaire by letting the cooling bath 
evaporate. The mixure was stirred at room tenq)aature ovoni^. The 
reaction mixture was quenched widi water (5 mL) and washed widi EtOAc Q 
X 5 mL). The aqueous layer was acidified to pH < 2 by the addition of 4 N 
HQ (-7 drops). The resulting mixture was filtered and the filter cake 
washed with water (2x5 mL). The solid was dried (air) lo leave the title 
compound as a yellow solid. Ciystallization firom hot DMSO afibnied pure 
compound (27.5 mg, 31.5%), mp 237-40»C (dec.); 'H NMR (DMSO-^j): 5 
7.10 (m, 9, phenyl), 8.33 (d, / = 2.0, 1, py), 8.54 (d, / = 2.0. I, py), 
10.70 (m, 1, Ofl). 12.04 (s, 1, Nfl); IR (KBr): 3434, 3155, 1641, 1409, 
1218, 1136, 1096; HPLC: 98.0%; LRMS: 366 (25), 365 (45). 364 (NT, 80). 
363 (100). 214 (30), 169 (15), 168 (10), 155 (15), 141 (15). 127 (15), 78 
(30). 77 (30). 63 (40), 51 (30), 45 (10), 39 (10); HRMS Calcd: 364.0615. 
Found: 364.0606. 

£3000^20 PreparatUm of B'Axa'4-hydroxy-3-(3'-pkenoxy)phenyl- 
quinoUn-2(lH)^ne (149) 

Ethyl 2-(3'Pkettm^phettylaeetamido)nieodttate (148) 

To a solution of 3-phraoxypheiiylacetic add (1 g, 4 inmol) in dry 
CH]Cl2 (10.0 mL) in a 25 mL round-bottom flask wiA stirring under nitrogen 
was added oxalyl chloride (0.75 mL, d » 1.455, 8.6 mmol). The yellow 
solution was stined at room temperanire under nitrogen fiv 23 h. 
Rota-evapoiation of die solvent left the acid chloride.as a yellow oil. 1.0981 
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g (quant.): NMR (CDOs): 4.11 (s, 2, benzylic). 7.10 (m. 9. phenyl); pme 
NMR. This maienal was used in the next leactian widxmt fartixa 
chatacterization or purificatiaa. 

EQuyl 2-anriiKmirwinaie (121, Example 4) 067.3 ng, 2.238 nmu^ 
5 was added to 3-phenoxyphenylaoe9l dihvide (1.0 g, 4.4 nmoD in a 10 oL 

lound-bottom fladc. A stir bar and pyridine (2.0 mL, distilled) weie added 
and the nuxone heated to reflux (UO''C, oil bath) undK mtxqgoi wUi stirring 
forSti, thai cooled to room taqmntiiie. The reaction mixture was quenched 
widi water (10 mL) and extracted wiUi chlorofoim (3 x 15 mL). The 
10 combined oiganic extracts were washed with sat. NaHCO^ (3 x 10 mL) and 

water (3 x 10 mL), dried (MgS04), and rota-ev^rated to diyness, leaving 
a dark residue. This residue was chronootographed on silica gel (24 g, 
Mallinckrodt, grade 62,- mesh 60-200) and ehited with hexanes-EtOAc (1:4, 
300 mL). The desired fiactions were collected (R, - 0.52) and rota- 
15 evapomed to diyness, leavmg an mange oil. This oil evomially precqiitated 

out as a wet orange mass. Ciystallization from Afaanol afforded the title 
compound as yellow flakes. 224 mg (26.5%). mp 90-1 °C; NMR (dX^,): 
6 1.39 (t. J = 6.8. 3. CHidU. 3.83 (s. 2. bemgflic). 4.35 (q. / « 6.8, 2. 
CKfiHiO), 7.10 (m, 9, phenyl). 8.29 (dd, / ,= 1.5, 7, » 7.8, 1. py). 8.59 
20 (dd, J ,« 1.5, Ji = 4.8, 1, py), 10.81 (s. 1, Nfl); IR (KBr): 3441* 3168, 

1723, 1668, 1660, 1549, 1490, 1436. 1409, 1307. 1246. 1211, 1143, 1027. 
980. 775, 700; HPLC: 100%; LRMS: 377 (10), 376 (M*, 45), 211 (15), 210 
(100), 183 (10), 167 (15), 166 (25), 147 (35), 121 (10), 94 (35), 89 (30), 77 
(15), 51 (10), 39 (10); HRMS Cakd: 376.1423. Fbund: 376.1419. 

25 8-Aza-44iydrm^-3-(3'-pheMxy)phettylqumUin'2(lH)-one (149) 

KHMDS (4.60 mL of 0.5 M soln. in toluene) was placed in a 10 mL 
round-botK)m flask under nitrogen. Tlie solution was cooled to -78''C 
(acetone/dry ice). Afler 15 min, a solution of ed^yl 2-(3- 
pheno;grphei9hicetamido)niootinate (148) (216.3 mg, 0.5747 mmol) in dry 

30 IHF (4.0 mL) was added via syrioge. The resulting mixture was stmred 

under nitrogen and allowed to warm to room temperanire lettiqg die 
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oooUng evafKnace. The aitome was ssissed at room iempanxxa& 

wjithEtOAc<2:cS]iBL). TSie aqueouis lay<a: was acWed to piH < 2 by die 
addiiimoir4N HQ ('is drops). Tine resddj^ sakSsjKS wsis Skesied and dss 
5 filter caEoewaalied with water (5 mL). Hie sofid was dried (^*C for 1 b) to 

tesve the tMe ans^ouad as an off<>^!^ solid (1^ mg, %), wp 246^*C 
(dec); VMR (DMSO^: 5 7.G9 (m, 6. pbss^l), 7.23 (dd. /, ^ 2.4, 
= 7.8, 1. w), 7-38 (m, 3. plseiayl), 8.30 (d, J « 7.8, 1, gjr), 8.50 (d, / = 
2.4, a. py), 10.52 (bm, 1, Qfi!), 11.81 (s. 1, NM)l M (Mr): 3434, 3127, 
10 1648, liS07, 1498, 1409, 1341, 12^, 1150, 9m, 789, 7S1, 700, 571, 543, 

475; HPir: 100%; UtMB: 332 (15), 331 (75), 330 (M*, 100), 121 (10). 93 
(10).77(10),51(10),39(10);H]mSCakd: 330.1004. Fouuad: 330.1015. 

am 

To 21 solution of eOyl 3-amiao-S-^oropiG(ritae (IldDT) (2.0 g, 10 
mmol) in 10 iOEiL of 1.4-dioxaae ms sdded 4 mL of w&dc asafaydricSe. Tbe 
. sesultiog solution was siUowed to star sit 50 ""C for 24 hr. Sol^sfem mis 
evsiporated and wao^ (10 mL) was sidded to tbe sesidue. ; line mixtus^ was 
20 neutraUzed by saturated sodium bicairbosmt© solution to pH « 7. A pale 

yellow solid was collected by ^tration and dried in vacuo, giving 2.0 g (S3 %) 
of t&e product, mp 984C0 ^C. NMR (CDCI3): 6 1.476 (t, / = 7.2 Bz, 
3 H). 4.45 (q. / = 7.2 Hz, 3 H), 8.352 (d. / = 2.1 Hz, 1 H). 9.218 (d, J = 
2.1Hz, IH), 11.087 (S.1H). 

25 S^Am-J-^Mom^hySm^qM^^ (IStf) 

MMDS (6.0 DoL of 0.5 M sola, in toluene) was placed in & 25 snL 
rouod-bottom f!a& wifli stiiring under and cooled to -78''C (aoetone/d^ 
ice). Aflier - 15 min, a solution of eO^l 3-acetamido-5-ddoropicoUnafie (HSi) 
(243.0 mg, 1.001 mmoQ in diy THF (4.0 mL) was added dropwise via 

30 syringe. The reaction was allowed to warm to Koom tempsszsstxit and stined 
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atnxHnten9eiatiiieforl9iL Hie reaction was qneociiedwidiirater (10 inL) 
and tbe mixtuie wadied widi EtOAc (2x5 mL). The aqueous layer was 
acidified to - pH 5 widi 4 N HQ (4 drops). The mixtuie was filmed, 
leaving a 1^ brown solul. A finther precipitate was obtained by arf«t ^ 
5 more 4 N HQ (8 drops) to tbe filtrate. Tte pm^itates were orandbinBd to 

leave tbe dtle compoand as a ligbt brown soUd (1S2.8 mg. 77.65%). An 
analytical sanqde could be obtained by ttitnadon in DMSO, mp 307-3 10*C; 
«H NMR (DMSO^: 6 5.86 (s, 1. H-S). 7.66 (s, 1. py), 8.42 (s, 1. py). 
11.35 (bm, 1. Nfl); IR (KBr): 3434. 3134. 2929, 2854. 1682. 1470, 1396. 
10 1239, 1218. 1164, 802; HPLC: 98.2%; LRMS: 198 (35), 196 (M^^, 100), 170 

(20), 168 (60), 127 (20). 113 (15). 69 (25), 64 (15); HRMS for C^^INA: 
Calcd: 196.0040. Fbund: 196.0045. 

Examp!e22 Profanation of 5-Azfh7'<ldonh44^ydnxy'3-nitnqubulm' 
2(lHhfne (151) 

15 Oladal acetic acid (2 mL) was added to 5-aza-7-clikm>-4- 

bydxoxyqttinolin-2(l^-one (150) (107.0 mg. 0.5443 mmol) in a 10 mL 
round-bottom flask widi stirring. To tbe suspension was added HNO, (70%, 
0.2 mL, d = 1,40, 3 mmol). Tlie orange mixture was heated at lOO'C (oil 
bath, external) for 1 h. then cooled to nxHn tenq)erature. Tbe mixture was 

20 quenched with water (3 mL) and filtered. leaving die thle compound as yellow 

crystals (45.6 mg, 34.7%), mp 252-4»C (dec.); 'H NMR (DMS0-4s): 6 7.74 
(s, 1, py), 8.58 (s, 1. py), 12.01 (d, / =1.5, 1, Nfl); IR (KBr): 3441. 3141. 
3004. 2930, 2861. 1675. 1546. 1470. 1402. 1293, 1239, 1157, 1102, 932, 
904, 809. 625, 468; HPLC: 100%; IltMS: 243 (25). 241 (M"^, 80). 225 (30), 

25 213 (35), 212 (15), 211 (100), 197 (15). 196 (15), 183 (15), 181 (30). 157 

(15). 155 (50), 154 (20). 153 (25), 139 (15), 128 (15), 127 (20), 126 (15), 
125 (15), 114 (15), 112 (50), 103 (15), 91 (25). 76 (30), 73 (20). 65 (15), 64 
(45), 52 (25). 38 (25); HRMS for QH4aN304: Calod: 240.9890. Found: 
240.9888. 
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Bxaavle23 Preparation of 5-Aza'7'e/aorO'J,2,3,4'Wml^droquittolia^ 
2,3,4(lHHnone-3-oxune (152) 

S-Aza-7-clik>ro-4-lqpdraJ9qiiiiKdin-2(l^^ (150) ^.8 mg, 0.442 
mmol) ami NaNO} (94.8 mg, 1.37 mmol) were added to a stiErii^.aque(nis 
5 solution of NaOH (3.4 mL, 0.2 N). The mixture was stirred under N,; die 

resulting oiange solution was cooled in an ioe-badi and an aqueous solution 
of H2SO4 (3 .0 mL, 2 N) was added drppwise under Nj. The resulting mixnve 
was allowed to stir at room temperamre for 23 h. Tbe reaction was quenclied 
with water (5 mL) and the resulting mixture filtered. The filter cake was 

10 washed widi water (5 mL) and dried (ah*) to leave the title ccm^Knmd as a 

yeUow solid (82.0 mg, 82.2%), mp 246*C (dec.); 'H NMR (DMSO-d^: 6 
7.56 (s. 1. py). 8.42 (m. 1. py), 11.23 (bm, 1. NA); IR (KBr): 3448. 3216. 
3052. 2943. 2854. 1709. 1654. 1593, 1430. 1389. 1218, 1102, 1007. 796. 
673; HPLC: 99.1%: LRMS: 227 (3(9, 225 (M^, lOQ), 211 (30). 208 aO), 

15 196 (15). 182 (15). 181 (30). 180 (20). 179 (20). 155 (15). 154 (20). 153 

(30). 139 (15). 125 (20). 112 (25), 91 (15). 76 (20). 73 (20). 64 (40). 44 
(35).38(20);HRMSforC,H4ClN,O,:Calcd: 224.9941. Found: 224.9943. 

. Exani^e 24 Prej^uvtion of 5'(N-oxy)aza'7»chloro-4'hydrdxy-3- 
phetPflqmnaUn-Z'mie 



20 Eikyl 5-ChlmV'3^hettylaeeUattido^ria^ttate-l-oxide (154) 

Ethyl S-chloro-3-(phenyla(»tanudo)picolinate (153) was formed by 
reacting ethyl 3-aminopicolinate and pfaenacetyl chloride under the conditions 
described in Example 3. The amide (153) (10.0 mg. 0.0324 mmol) was 
added to a CH2CI} solution (10 mL) of ined^l(trifhionRnediyl)dioxitane, 

25 generated from 2.5 mL of 1 , 1 , 1-trifluotoacetone uang Ihe procedure of Mdlo 

etal. (Mello etal., J. Amer. Chem. Sac. ii7:6749-6757 (1989)). The 
solution was stirred at rt in a bomb protected ftosa. light. After 4 days, the 
solvent was removed and the residue chroroatographed by prq> TLC (silica 
GF), Eluting widi hexanes-EtOAc (1:4), the band at = 0.45 was removed 

30 and trituiated with MeOH (40 mL) overnight. The mixture was filtered and 
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tfae fiitxate rota-evapotated to dryness, leaviqg a white residue (0.4 mg^ 4%). 

NMR (CDCLg): 6 L26 (t, / = 7.2, 3, CH3CH2), 3.7S (s, 2, benqrUc), 
4.10 (q. / = 7.2, 2, CHfiH^O), 7.37 (m, 5, phenyl), 7.98 (d, / = 0.9, 1. 
py). 8.44 (s, 1. py); UIMS (ni/z):336 (5), 335 (5), 334 (M% 20), 274 (15), 
5 273 (10). 272 (55), 260 (10), 226 (10), 180 (10), 156 (10), 154 (?0), 126 

(10), 117 (20), 91 (100), 65 (15); HRMS Calcd for C|^i5CIN204: 334.0720, 
Found: 334.0729; HPLC: 77%. 

i 

The title compound is formed by substituting etl^l 5-chloro-3- 
10 (phenyiacetamido)picolinate^l-oxide (154) for mediyl 3-^tenylacetamido)- 

picolinate in the final reaction step of Exan^Ie 3. 

Havmg now fully described this invention, it will be understtxxl to 
Aose of oidinazy skill in die an that the same can be perfinme^ 
and equivalent rangp of conditions, fcHmniiatbns, and other panoneteiswidiout 
15 affecting die scope of die mvendon or any embodiment thereof. All patents 

and publicadons cited hmm are fidly mocnpoiated hy reference herein hi their 
entire^. 
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Whatls Claimed Is: 

l. A compound having the Fonmila: 



OH 




/ 



or tautomers, phannaceutically acceptable salts or N-oxides thereof; 
5 wherein 

A, D, E and G independently tepiesent carbon or nitrogen, provided 
that at least two of A, D; E and G represent carbon, one or two of A, D, E 
and G represent nitrogen; 

R,, Ry and represent two or three substituents not exceedmg the 
10 tnaicinmin permissible by the di^osition of nitrogen atoms in the combination 

A, D, E and G, which substituents indqiendently represent hydrogen, nitro, 
amino, halo, haloalkyl, cyano, cyanamido, dicyanomethyl, all^l, cycloalkyi, 
aitoiyl, alkynyl, azido, hydroxy, carboxy, acylamtno, alkylsulfonyl, alkyidiio, 
aryl, substituted aiyl, heteroaiyl, alkoxy, triallcylsilyl-substituted alkoxy, 
15 aryloxy, substituted aryloxy, heteroaryloxy, a heterocydic group, a 

heierocyclicoxy group, aralkoxy or haloalkoxy, provided that when G is 
carbon, G may only be substituted by one of hydrogen or fluorine; 

Ri represents nitro, cyano, trifluoromethyl, trifluoromethylsulfonyl, 
1-alkynyl, —COR, — COjR, — C(0)SR, cyanamido, tricyanomethyl, 
20 _N(CN)2, -C{CN)2-"R, — C(=C(CN)2)-R, optionally substimted phenyl or 

optionally substimted heteroaiyl; and 

R represents hydrogen, alkyi, alkenyl, alkynyl, cycloalkyi, arylalkyl, 
arylalkenyl, arylalkynyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, any 
of which groups may be optionally substimted. 
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2. The oonqioimd of daiml having one <tf die foUowii^fonii]^ 




H 



la 



^ ?H 




a 




: or 



le 




id 



10 



or tantomers or pharmaceudcally accqnable salts thereof; 
wherein 

R5, B« and R, indq)endently vq)resent hydrogen, nitro, amino, halo, 
faaloall^l, qrano, ^anaanido, ditTanomethyl, liydroj^, caiboxy, allgrl, 
cydoalicyl, alkenyl, alkyiqrl, azklo, a^lamino. aU^Uiio, all^lsuifonyl, aiyl. 
substituted aiyl, heteroaiyl, allroxy. triidkylsilyl-^ubstinitBd alkoxy, aiyloxy. 
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subsciditBd azyloxy, heteroaiyloxy, a lietmcyclic group, a heterocycUcoxy 
group, aralkoxy or haloalkoxy; 

Rg rqpresents one of bydrogen or fluorine; 

n is zero or one; 

S R, represents nitro, qrano, trifluorometbyl, trifluoronietfaylsulfoiiyl, 

I-alkynyl, —COR, — CO;^ -<:(0)SR, cyananoddo, tricyanomettLyl, 
— N(CN)2i — C(CN)2— R, --C( =C(CN)2)— R, optionally substkuted phenyl or 
optionally substituted heteroaiyl; and 

R represents hydrogen, alkyl, alkenyl, all^yl, cycloalkyl, aryialkyl, 
10 atylalkenyl, aiylallcyxQrl, heteroaryl, heteroarylalkyl or heteroaiylalkenyl, any 

of which groups may be optionally substituted. 

3. The compound of claim 2 having one of the formulae: 



15 




le 



if 



Rl3 " 
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Ik 



Ri5, and R,7 indqiendendy represrat hydrogen, nitio, amino, halo, 
haloalkyl, cyano, cyanamido, dicyanomethyl, caiboxy, alkyl, alkenyl, att^yl, 
allQflUiio, azido, acylamino, sulfonyl, aiyl, alkoxycarbonyl or alkoxy; 
S R|, represents hydrogen or fluorine; 

Rii rqiresents hydrogen, hak^en, cyaiK), trifluorometbyl, nitro, 
hydroxy, amino, caitx)xy, alkyl, alkenyl, alkoxy, alkynyl, axyl, aiylalkyl, 
aiylo^, aiylthio, atylaltenyl, arylalkyiQrl, betetocycloalkyl, heieroaiyl, 
heteroaiylalkyl, hefieroaiylojgr, heteroarylthio, and heterraiyiaUcei^l, any of 
10 wUch groups may be optionally substituted; and 

n is zero or one. 

4. The compound of claim 3 having the formula: 




or tautomers or phaimaceuticaUy acceptable salts thereof; 
15 wherein 

Ri6 and R^ independently represent hydrogen, nitro, amino, halo, 
haloalkyl, cyano, cyanamido, dicyanomethyl, carboxy, alkyl, alkenyl, allgnqyl, 
alkylthio, azido, acylamino, sulfonyl, aryl, alkoxycarbonyl or alkoxy; 
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R,8 represents hydrogen; 

Rj, represents alkyU alkenyl, aUcoxy, alkynyl. aiyU aiylalkyl, aiyloxy, 
aiylalkenyi. aiylalkynyl, heterocycloali^l. beteroaryl, iMeioaiylall^l, 
heteroaiyloxy and heteroaxylalkenyl, any of which groups may be optionally 
S substiuited; and 

n is zero or one. 

5. The confound of claim 3 having the fonmda: 




R,a H 



or tautomers or phaimaceutically acceptable salts Oereof ; 
10 wherein 

R,e and R^ independently represent hydrogen, nitro* amino, haIo» 
haloalkyl, cyano, cyanamido, dicyanoraethyU carboxy , alkyl, alkenyl, alkynyl, 
alkylthio, azido, acylamino, sulfonyi, aiyl, alkoxycaibonyl or alkoxy; 
Rig represents hydrogen; 
IS Ru represents hydrogen, halogen, cyano, trifiuoromethyl, nitro, 

hydroxy, amino or carboxy; and 
n is zero or one. 
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6. The coapomi of claim 2 faaviog one of die foimulae: 




pP oh 



r" h 



RP» OH 




;or 



fP oh 




tt 



or tautomers or phannaoeutically acceptable salts thoeof; 
wherein 

lepiesems — COR» or -COJBtPi 
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R^t and R^^ indq^endently represent bydrogm, halogen, cyano, 
cyanamido, dicyanomethyl, trifluoromett^l, nttio, hydro;^, amino, cazbo;^, 
alkyU Ci^ alkoxy, or Ci^ alkyldiio; 
R^ represents hydrogen or fluorine; 
5 R» repress alkyl, alfcenyl, all^l, cycloaUgrl, aryU aiylalkyl, 

arylalkenyl, arylall^yl, heterocycloaO^l, heteroaryl, heteniarylall^l and 
het^oaiylalkeoyl, any of which groups may be optionally substituted; and 
n is zero or one. 

7. The compound of claim 6 having the formula: 




n 



or uutomers or pharmaceutically accq)table salts thereof: 
wherein 

R** represents ^OR^ or — CO^^; 

R^ and R^^ indqjendently rqpresent hydrogen, halogen, cyano, 
IS cyanamido, dicyanomethyl, trifluoron^tfayl, nitro, hydroxy, amino, carboxy, 

C,^ alkyl, C,^ alkoxy, or C^^ alkyldiio; 
R" represents hydrogen; 

R^ represents alkyl, allcenyl, alkynyl, cydoalkyl, aryl, acylalkyl, 
aiylalkenyl, arylaU^myl, heterocycloalkyl, h^roaryl, h^roarylalkyl and 
20 heteroarylalkenyl, any of which groups may be optionally substituted; and 

n is zero or one. 
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8. The compoimd of claim 2 having one of the foimulae: 




rf* H 



bn 



R* OH 




n" H 



In 



OH 




or 



io 



R?* OH 




or tautomers or pfaannaoeatically accqptable salts diaeof; 
wherein 

W represents oxygen, sulphur or N— A'^ 
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A" and A^^ indq>endently iq>iesent hydrogen, halogen, cyano, 
trifiuoromethyl, nitro, hydroxy, amino, caxboxy, C^^ all^l, alkrayl, Cj^ 
alkynyl, C3.^cloalkyl, C3.7 cycloalkyl(Ci^alkyl, aiyl, aryKQJalkyl, 
alkoxy, C,^ alkenyioxy, Cj^ allgrltfaio, Cj^ alkenylthio, Cj^ all^kartxmyl, 
5 aiylcarbonyl or alkoxycaitonyl; or A" and A^^ together lepresnt the 

residue of an optionally suhstinited aromatic or hetnoaromatic nog; 

A" iq)iesrats hydrogen, aUgrl or aiyl(C|^alkyl; 

J represents a bond or a carbonyl group (CssQ); 

V?^ rqpresents Iqrdrogen or fluorine; and 

10 R^, R'^ and R'^ independently represent hydrogen, halogen, cyan, 

cyanamido, diq^anomethyl, trifluoromtifayl, nitro, hydroxy^ ammo, caiix>3^, 
alkyl, Ci^ alkoxy, C,^ alkyldiio or Cj^ alkoxycarbonyl; and 
n is zero or one. 



9. The conqpound of claim 8 having the fonnula: 



(OX, OH 




Im 
• 



or tautomers or phannaceutically acceptable salts thereof; 
y wherein 

rq)re5ents oxygen, sulphur or N— A", 
A" and A^^ indqpendently rqnesent hydrogen, halogen, cyano, 
20 trifiuoromethyl, nitro, hydroxy, amino, carboxy , C,^ allgrl, C24 alkenyl, €3^ 

alkynyl, C3.7cycIoalkyl, C3.7 cycIoallgrl(C,^lgrl, aryl, aiyl(C,^)alkyi, Ct^ 
alkoxy, alkenyioxy, Ci^ alkylduo, C24 alkenylthio, Cj^ alkylcarbonyl, 
aryicarbonyl or alkoxycarbonyl; or A" and A'^ together represent the 
resklue of an optionally substimted aromatic or heteroaromatk: ring; 
2S A" rq>resents hydrogen, C,^ alkyl or aryI(Ci^alkyl; 
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J rqneseots a bond or a caibonyl groiq> (C=0) ; 
iiq[»peseiiis hydrogen; and 

and R" indqmidattly represoit hydrogen, hatogen, cyano, 
cyanamido, dicyanomethyl, trifluoromed^l, nitro« hydro^Qr, amino, caiboi^, 
5 Cm alkyl, Ct^ alkoxy, aUgrldiio or altoiorcarbonyi: and 

n is zero or one. 

10. The compound of claim 2 having one of the fonnulae: 



Pin OH 



10 




"WO 96122m 



PCrrDS9S/16S7S 

* 



-118- 



rt® OH 




It 



or tautomers or pliannaceutically acoqitable salts thereof; 
whmin 

A^^ represents hydrogen, halogen, cyano, trifiuoromethyl, nitro, 
5 hydroxy, amino, carboxy, C,^ alkyl, C,.^oxy, C,.^aIl^lthio, 

aU^lcarbonyU azylalkyl, axyloxy, axylalkenyl, aiylalkynyl, heteroaiyl. 
heceniaiylalkyl, hetieroaiyloxy, heteroaiylaUcenyl, aiylcartx>nyl, or Cx^ 
ailoos^carboi^l, wherein any of said aiyl- or hetBroaiyl-containing moieties 
may have up to three substituents selected from the group consisting of 
10 hydroxy, halogen, trifluoromethyl, allcyl, C,^ alkoxy, 

C|.0alkoxy(C|^alkoxy» Ci^ haloall^l, phenyl, ben^l or phenoxy; 
J represents a bond or a caibonyl group (C«0) ; 

represents hydrogen or fluorine; 

and R^^ indq)endentiy rq>resent hydrogen, halogen, cyano, 
IS cyanamido, dicyanomethyl, trifluoromethyl, nitro, hydroxy, amino, carboxy, 

C,^ alkyl, C,^ alkoxy, C,^ alkylthio or Cj^ alkoxycarbonyl, provided that at 
least one of R^, R*^ and R*^ is other than hydrogen; and 
n is zero or oi^; and 
n' is zero or one. 

20 11. The compound of claim 10 having the formula: 

P)n OH 
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or tautomers or pliannaceutically acceptable salts thereof; 
wberein 

A^^ represents hydrogen, halogen, cyano, trifluoromettayl, rntio, 
hydroxy, amino, caxboxy, Ci^ alkyl, Ci^^alkoxy, Ci.^allgrltfaio» 
alkylcaxbonyl. aiylalkyl, aiylos^, aiylalkenyl, arylaU^l, heteroaiyl, 
hetetoaiylaUgrl, heteroaiylojQr, hetnoazylalkeoyl, aiyicarixmyl, or 
alloDiQrcaiboiQrl: 

J represents a bond or a caibonyl gnnq> (C«a); 

Rf* represents hydrogen; 

R'*^ and independendy represent hydrogen, halogen, cyano, 
cyanamido, dicyanom^yl, trifhioromethyl, nitro, hydroxy, amino, caibo3Qr, 
C,^ alkyl, C|^ alkoxy, alkyithio or aUcoxycaibonyl, provided that at 
least one of R^, R^ and R^ is other than hydrogen; and 

n is zero or one; and 

n' is zero or one. 

12. A confound having the Formula: 



or tautomers, phann»:eutically acceptable salts or N-oxides thereof; 
wherein 

one of X or Y represents oxygen and the other of X or Y represents 
N— OR9, wherein R9 represents hydrogen, alkyl, aryl, heteroaiyl, acyl, 
halogen-substimted acyl or aryloyl; 

A, D, E and G independently represent carbon or nitrogen, provided 
that at least two of A, D, E and G represent carbon, one or two of A, D. E 
and G rqiresent nitrogen; 



X 
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R,, Ry and R, rqjresait two or tliiee substhuents not exceeding the 
m ^i x i piiifn pennissible by the disposition of nitrogen atoms in tlie combination 
A, D« E and G, which subsdtuents indq>endendy iqnesent faydrogen, nitro, 
amino, halo, haloaU^l, eyano, qranamkfD. dicyanom^yl, allgri, (^doall^l, 
S aOoniyl. aUgnqrU azido, ac^Iamino, an^lsulfoiiyi, aiyU substitutBd aiyi, 

hetnoaiyl. aXkoTty, triall^silyl-sab^aitBd aOxay, axylaxy, substitutBd 
aiylw^, heteroaiyloxy. a heterocyclic groiq>, a heterocyclic<»gr group, 
saHkoxy or haloalkoxy, provided (tax v^«n G is caibon, G may only be 
substinited one of hydros or fluorine. 

10 13. The compound of daim 12 havmg one of the followmg 

formulae: 
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or taucomers or pbarmacemically acoq>table sahs thereof; 
wherein 

R5, R« and R7 independently represent hydrogen, nitro, aminOt halo, 
haloalkyl, cyano, cyanamido, dicyanomethyl, l^droxy, csxboTcy, all^l, 
cycloalkyl, alkenyl, alkynyU azido, acylamino, alkylthio, alkylsulfonyl, axyl, 
substituted aryl, heteroaiyU aUcoxy, trialkylsilyl-substitu^ alkoxy, aiyloxy, 
substituted aiytoxy, heteroaiyloxy, a heteroeyclic group, a heterocyclicoxy 
groiq», aralkory or haloalkos^; 

Rg rqnesents one of hydrogen or fluorine; 

n is zero or one; and 

one of X or Y is oxygen and the other of X or Y is N— wherein 
R9 represents hydrogen, allQrl, aiyl, heieroaryU acyl, halogen-siibstituced acyl 
or aryl<9l. 

14. The compound according to claim 13, wherein X is oxygen, 
and Y is N---OR9 or a phannaceutically acceptable salt thereof. 

15. The compound according to claim 13« wherein X is N— OR9, 
and Y is oxygen, or a phannaceutically acceptable salt thereof. 
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16. A compound haviqg the Fonnula: 



or tautomers, phannaceodcally acceptable salts or N<oxides thereof; 
wherein 

5 A, D, E and G indepemlently represent carbcm or nitrogen, provided 

tbat at least two of A, D, E and G represent carbon, one or two of A, D, E 
and G represent nitrogen; 

R,, Ry and R, represent two or three substituents not exceeding the 
maximum permissible by the disposition of nitrogen atoms in tte combination 
10 A, D, E and G, which substituents indq>endently represent hydrogen, nitro, 

amino, halo, haloalkyl, cyano, cyanamido, dicyanomethyl, alkyl, cycloalkyl, 
aikenyl, aUcynyl, azido, hydroxy, carboxy, acyiamino, alkylsulfonyl, alkylthio, 
aryU substituted aiyl, heteroaiyl, alkoxy, tnallQrisilyl'Substimted alkoxy, 
aiyloxy, substituted aryloxy, heteroaiyloxy, a heterocyclic group, a 
IS heterocyclicoxy group, aralkoxy or haloalkoxy, provided that when G is 

carbon, G may only be stibstinited by one of hydrogen or fluorine; 

R2 tqiresents nitro, cyano, trifluoromethyl, trifluorometiqflsulfonyl, 
1-alkynyl, -COR. -COjR, -C(0)SR, -CHR'R\ -NHR, -NHC(0)R, 
qranamido, tricyanomethyl, — NCCN),, — C(CN)y-4l, — C(=C(CN)2)— R, 
20 optionally substituted phenyl or optionally substimted he^atyl, 

R' represents nitro, nitroso« acyl or cyano; 
R'' represents hydrogra, acyl, alkyl, cycloalkyl, alk^qrl, aryl, 
substituted aryl, cyano, nitro or nitroso; and 

R represents hydrogen, alkyl, aikenyl, all^yl, cycloalkyl, arylalkyl, 
25 arylalkei^l, aiylalkynyl, heteroaryl, heteroarylalkyl or heteroaiylalkenyl, any 

of which groups may be optionally substituted^ 
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17. The oompound of claim 16 having one of the following 
fommlae: 



I 

H 



im 




lUc 




or tautomen or pharmaceiitically acceptable salts diereof; 
ix^ierein 

R'5, R'« and R'7 indqiendendy rqnesent hydrogen, nitro, amino, halo, 
haloaU^l, cyano, qranamido, di^anometfayl, hydn»Qr, caiboxy, all^l. 
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cycloallQrl, alkxayl, allgmyl, azido. acylamino, all^ltliio, alkylsulfonyl, aiyl, 
substituted aiyl, heieioaiyl, allcoxy, triaU^lsiiyl-substituted aUoixy, arylosgr, 
substituted arytoxy, heieroBiylo;^, a iwterocyclic gnnq>, a beterocyclion^ 
group, taiOBOxy or haloalkoxy; 

R't represents one of hydrogen or fbiorine; 

n is zero or one; 

R, rqiiesents nitro, c^ano, trifluoromethyl, trifluoromeitiylsulfoi^l. 
l-aSkyayl -COR, -COiR, -C(0>SR, -CHR'R", -NHR, -NHC(0)R. 
cyanamido, tricyanomethyl, — N(CN)2, — CCCN),— R, — C(=C(CN)2)— R, 
optionally substituted phenyl or optionally sutetituted heteroaryl, 

R' represents nitro, nitroso, acyl or cyano: 

R" represents hydrogen, ac^i, allgri, cycloali^l, allcraiyl, aiyl, 
substioited aiyi, cyano, nitro or nitroso; and 

R represents hydrogen, alkyl, alkenyl, alkynyl, cycloaikyi, aiylalkyi, 
aiylalkenyl, aiylallcyhyl, heteroaiyl, h^roaiylalkyl or heteroaiylalkenyl, any 
of whidt groups may be optionally substituted. 

18. A conqKMind havfaig the Formula: 



or tautomers or phaimaoeutically accq>table salts thereof; 
wherein 

R's, R\ and R'7 independenUy represent hydrogen, nitro, amino, halo, 
haloaUgrl, cyano, cyanamido, dicyanomethyl, alkyl, qrcloaO^l, alkenyl, 
alkynyl, azido, hydroxy, carboxy, acylamino, allgrlsulfonyl, alkylthio, aiyl, 
substituted aiyl, heteroaiyl, aUcoxy, tiialkylsilyl-substimted alkoxy, aiyloxy. 




IV 
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substituted aiyloxy, heteroaryloxy* a heten)cyclic groqp* a beterocyclicos^ 
group, dizHkoxy or haloalkoxy; 

R'g xtqnesems one of hydrogen or fluorine; 

R2 iq>resents nitro, cyano, trifluorometfayl, tzifluorometfaiylsulfonyl, 
5 l-allOTyl* -COR. -COaR, -C(0)SR. --CHR'R". -^IHR. ~NHC(0)R. 

cyanamido, tricyanometfayU -NCCN)^, ~C(CN)r-R. -C(«C(CN)j)-R, 
Gptkmaliy substiiuied phenyl or optionally substiaiifid heieroaiyl; 

R' rq[>iesents nitro, ninoso, acyl or gfano; 

R*" represents hydrogen, acyl, alkyl, grdoaU^l, alkenyl, aryl, 
10 substituted aryl, cyano, tutro or nitroso; and 

R represents hydrogen, alkyl, altenyl, alkynyl, cycloalkyl, arylalkyl, 
aryhdkenyi, aiylaUgmyl, heteroaiyl, heteroarylalkyl, or heteroarylalkenyl, any 
of which groups may be optionally substituted. 



19. The compound of claim 18, wlierein R'5, R'^ and RS 
15 - indq>endently represent hydrogen, fiuoro, diloro, bramo, methyl, 
trifluoromethyl or nitro; 

R's is hydrogen; and 

R2 independently represents cyano, trifluoromethyl, 
irifluorometbylsulfonyl or l-alkynyl. 



20 20. The compound of claim 19 wherein R, is cyano. 

21. « The compound of daun 18 having the fonnula: 
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or tautomezs or pharmaoeuticaliy accqptable salts thereof; 
wherein 

R's, and indq^endentiy represent hydrogen, nitre, amino, halo, 
haloali^l, cyano, cyanamido, dicyanomethyl, aUcyl, ^cloaUq^U altenyi, 
5 alkynyU azido, hydroxy, caitoxy, a^konino, alkylsolfoi^l, allc^Ittaio, aryl, 

siibsdtuted aryU teteroaryl, alfco}^, triaU^lsilyl-substitnted altor^, axyloxy, 
sidmiluied aryloxy, hetoniaiylojqr, a heteioqrclic group, a hetero^clicos^ 
group, acalkoxy or haloalkos^; 

R'g represents one of iQrdroga or fluorine; 
10 R'52 represents substituted aiyl or substituted heteroaiyl, wherein said 

substituted aryl or substituted heteroaryl are substituted with —OH, — SH or 
a group — NHR'g whmin R'. represents hydrogen, alkyi, cycloalkyl or 
alkoxy. 



22. The compound of claim 18 having the fonnula: 




IS 

or tautomers or phannaceutically acceptable salts thereof; 
wherein 

R'5, R'e and RS independently represent hydrogen, nitro, amino, halo, 
haloalkyl, cyano, cyaoaxnido, dicyanomethyl, allqrl, cycloalkyl, alkenyl, 
20 alkynyl, azido, hydroxy, carboxy, acylamino, alkylsulfonyl, alkylthio, aryl, 

substituted aryl, heteroaryl, alkoxy, trialkylsilyl-substituied alkoxy, aiyloxy, 
substimted aryloxy, heteroaiyloxy, a heterocyclic group, a heterocycltcoxy 
group, aralkoxy or haloalkoxy; 

R's represents one of hydrogen or fluorine; 
25 R' represents nitro, nitroso, acyl or cyano; 



PCTAJS95/1«75 



•127- 

R" icpfe se i its hydrogen, ac^l, aU^l, cydoalkyl, alkei^lt aiyl, 
substinilBd aiyl, ^ano, zutro or nitroso. 

23. The compound of claim 1 having one of the F6^^ 



5 




Vh 



Vi 



or tauK)mers or phannaceutically accqytable salts thereof; 
wherein 

Rs, and R7 independently represent hydrogen, nitro, amino, halo, 
haloalkyU cyano, cyanamido, dicyanomethyl, hydroxy, carboxy, aUcyl, 

10 cydoalkyl, alkenyU alkynyl, azido« acylammo* alkylthio, alkylsulfonyl, aiyl, 

substimted aiyl, he^roaryU alkoxy, trialkylsilyl-substimted alkoxy, aiyloxy, 
substituted aiyloxy* heteroazyloxy, a heterocyclic group, a hetexoc^clico^gr 
group, aialkoxy or baloalkoxy; 

Rs represents hydrpgra or fluorine; 

IS R| rq>re5»ts nitro, cyano, trifhicnometlr^l, trifluoromethylsulfoi^l, 

l^aUeynyl, —COR, -<X>2R, — C(0)SR, cyammido, triqranomethyl, 
— N(CN)j, — C(CN)2— R. -C(=C(CN)j)-R, optionaUy substituted phenyl or 
optionally substituted heteroaiyl; 
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R rqpiesents Iqrdiogen, ailcyU alkenyl, alkynyU cycloalkyl, aiylali^l, 
arylaltenyl, aiylallQfiiyl, heteioaiyU hetxeoatylalkyl or heteroaiylalkenyU any 
of which groups may be optional]^ sabstituted; and 

each n is zero or one. 

24. The compound of daim 12 havipg ow of the Fonnulae: 



X 



X 

or tautomos or i^nnaceutically accepable salts dmeof; 
wherein 

10 R5, R« and Rf indqiendentfy vepiesent l^diogBa, nioo, amino, halo, 

haloall^l. cyano, qranamido, dicyaromethyl. hydroxy, cacboi^, all^l, 
cycloalkyl, alkenyl, all^yl, azido, acybnuao, aDcylthio, alkylsulfonyl. aiyl, 
substituted aiyl, heteroaiyl, alkoxy, triallcylsilyl-substituted aikoxy, aryloxy, 
substituted aryloxy, heteroaryloxy, a heterocyclic group, a heterocydicoxy 

IS group, aralkoxy or haloalkoxy; 

Rg represents hydrogen or fluorine; 

one of X or Y is oxygen and the other of X or Y is N— OR,, wherein 
R9 rq)resents hydrogen, alkyl, aryl, heteroaiyl, acyl, haiogen-substiluied acyl 
or aiyloyl; and 
20 each n is zero or one. 
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25. The compoond of claim 16 haviqg one of die Foztuulae: 




vm 



vm 



or tautomers or phannaceutically accqitable salts dieieof; 
wheicin 

R's* ^ R't indqiendently represent hydrogen, nitio, amino, halo, 
haloalkyl, cyano, cyanamido, dicyanomethyl, hydroxy, carboxy, alkyl, 
cycloall^l, alkenyU aUQ^nyl, audo, acylamino, alkyltbio, alkylsulfonyl, aiyl, 
substitiited aiyl, h^eroaiyl, altoxy, triaikylsilyl-substituied aUcoxy, aryloxy, 
substituied aiyloxy, he^aiyloxy, a heterocyclic group, a heteroqrdicoxy 
groiQ), andkoxy or haloalkoxy; 

R's represents hydrogen or fhiorine; 

rqpresoits mtro, cymo^ trifluorometbylt tiifhioromethylsulfonyl, 
l-alkynyl, --COR, -CQiR, -C(0)SIt --CHR'R'', -NHC(0)R. 
(^anamido, tricyanometbyi, — N(CN)4, — C(CN)2— — C(«C(CN)2)— R, 
optionally substituted phenyl or optionally substituted hetmaiyl; 

R' represoits nitro, nitroso, acyl or cyano; 

R*^ represents hydrogen, acyl, alkyl, cycloall^l, alkenyl, aiyl, 
substituted aiyl, ^ano, nitro or nitroso; 
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R repiesents faydiogen^ alkyU alkenyl, aD^yl, cycloalkyU aiylalkyU 
aiylalkenyl* aiyUdkynyl, heteioaiyl, heteroaiylalkyl or heteioaiylalkenyl, any 
of which groups may be optionally substituted; and 

each n is zero or one. 

26. A pharmaceutical conipositioncomprisiiig the ocm^x)umi of aigr 
one of claims 1, 12, 16 and 18. 



27 . A method of treating or pre ventiiig (A) neoionai loss assodaied 
with stroke, ischnnia, CNS trauma, or hypoglycemia or (B) the adverse 
neurological consequences of surgoy, conqprising admintsteriDg to an animal 

10 in need of such treatment or prevention an effective amount of a ccmpound 

of aiQr one of claims 1, 12, 16 and 18. 

28. The mediod of clahn 27 wherein said adverse nauological 
consequences occur as a lesuh of air bubbles that lodge in (he brain during or 
immediately after suigeiy. 



15 29. The method of claim 27 wherein said adverse imirological 

' consequences occur as a result of cardiopulmonary bypass sutgeiy. 

30. The method of claun 27 wherein said adverse neurological 
consequeiK:es occur as a result of carotid Mdarterecttmiy stugery. 

31. The method of clahn 27 wherein said neuronal loss occurs as 
20 a result of multiple strotes resulting m dmentia. 

32. A method of treating a uMrodegenerative disease sdected from 
Alzheimar*s disease, amyotrophic lateral sclerosis, Hundngton*s disease, and 
Down^s syndrome, comprising administering to an ammal hi need of such 
treatment an effective amount of a compound of any one of clanns 1, 12, 16 

25 and 18. 
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33 . A metbod of anfagooiziiig mcitatoiy amino adds at die NMD A 
lecqybir cooq^Iex, conqiristiig admimsiieriDg to an aidmal in need diereof an 
efSxdve amount of a compound of any one of claims 1, 12, 16 and 18. 

34. A method of treating or preventing dmmic pain, cosq>ri8ing 
administering to an animal in need of such txeatmrat an ^fiDctive amount of 
a oanpound of any one of daims 1, 12, 16 and 18. 

35. A metbod of treatii^ or preventing anxieQf, comprising 
administmi^g to an animal in peed of such treatment or prevention an effective 
amount of a compound of any one of claims 1, 12, 16 ami 18. 

36. A mediod of treatii^ or preventiiQ convulsions, conoprising 
administmqg to an animal In need of such treatment or prevention an effecdve 
amount of a compound of any one of claims 1, 12, 16 and 18. 

37. A method of inducing anesthesia, conqirisis^ administeriiig to 
an animal in need of such anesthesia an effecdve amount of a compound of 
any one of dahns 1, 12, 16 and 18. 

38. A method of treating or preventmg NMDA receptor-ion channel 
related psychosis, compxisiog administering to an animal in need of such 
treatment or prevention an effeoive amount of a compound of any one of 
claims 1, 12, 16 and 18. 

39. A method of treating or prevcntipg opiate tolerance, conq>nsix% 
admmistering to an animal in need of such prevention an ^ective amount of 
a confound of any one of claims 1, 12, 16 and 18. 
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